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NOTICES 


DEPARTMENT  OF  HEALTH, 
EDUCATION,  AND  WELFARE 
National  Institutes  of  Health 

RECOMBINANT  DNA  RESEARCH 
Proposed  Revised  Guidelines 

On  June  23,  1976,  the  Director,  Na¬ 
tional  Institutes  of  Health  (NIH),  with 
the  concurrence  of  the  Secretary  of 
Health,  Education,  and  Welfare  and  the 
Assistant  Secretary  for  Health.  Issued 
guidelines  that  govern  the  conduct  of 
NIH -supported  research  involving  re¬ 
combinant  DNA  molecules.  These  guide¬ 
lines  appeared  in  the  Federal  Register, 
July  7,  1976  (41  FR  27902  et  seq.).  The 
purpose  of  this  notice  is  to  report  devel¬ 
opments  since  that  publication  and  to 
invite  public  comment  on  the  following 
draft  proposing  revised  guidelines. 

In  recombinant  DNA  experiments, 
“genes" — deoxyribonucleic  acid  (DNA) 
molecules — from  living  organisms  can 
be  transferred  to  single  cells  from  com¬ 
pletely  unrelated  organisms.  These  ex¬ 
periments  depend  on  the  ability  to  Join 
genetic  material  from  different  sources 
and  to  propagate  the  resulting  elements 
in  single  bacterial  and  animal  cells. 

The  new  recombinant  DNA  technique 
has  resulted  in  a  profound  and  qualita¬ 
tive  change  in  the  field  of  gentles.  Devel¬ 
opments  in  genetic  research,  particularly 
in  the  last  4  years,  open  avenues  to  sci¬ 
ence  that  were  previously  inaccessible. 
Hypotheses  and  ideas  that  were  not  test¬ 
able  can  now  be  rigorously  investigated. 
Understanding  of  basic  biological  phe¬ 
nomena  has  already  been  enhanced,  and 
the  promise  of  recombinant  DNA  re¬ 
search  for  better  understanding  and  im¬ 
proved  treatment  of  human  disease  is 
great.  Further  experimental  data  will  be 
required  to  delimit  the  benefits  that  may 
be  derived  through  this  techniques. 

There  is  also  a  possible  risk  that  micro¬ 
organisms  with  foreign  genes  could  cause 
disease  or  adversely  affect  the  environ¬ 
ment  if  they  should  escape  from  the  labo¬ 
ratory  and  infect  human  beings,  animals, 
or  plants.  Many  recombinant  DNA  ex¬ 
periments  have  been  conducted  through¬ 
out  the  world  during  the  past  5  years  and 
are  continuing.  To  date,  no  known  haz¬ 
ardous  organism  has  been  produced  in 
this  work.  TTius,  the  risk  of  converting 
harmless  organisms  to  harmful  ones  by 
recombinant  DNA  experiments  remains 
hypothetical.  Further  work  will  eventu¬ 
ally  determine  the  limits  of  these  hypo¬ 
thetical  risks. 

Approximately  3  years  ago,  because  of 
the  perceived  potential  hazards,  scien¬ 
tists  conducting  recombinant  DNA  re¬ 
search  called  for  a  moratorium  on  cer¬ 
tain  experiments  pending  an  assessment 
of  risk  and  the  development  of  appropri¬ 
ate  guidelines.  These  scimtists  requested 
NIH  to  create  an  advisory  committee  to 
develop  such  guidelines. 

In  December  1975  the  NIH  Recombi¬ 
nant  DNA  Molecule  Program  Advisory 
Committee  (or  simply  Recombinant  Ad¬ 
visory  Committee)  proposed  guidelines 
to  the  Director  of  NIH.  The  guidelines 
were  reviewed  at  a  public  hearing  before 
the  Advisory  Committee  to  the  Director, 


NIH,  in  Februray  1976.  After  a  review  of 
all  public  comments,  NIH  Guidelines 
were  rleeased  on  June  23,  1976,  accom¬ 
panied  by  a  Director’s  Decision  address¬ 
ing  the  issues  raised  at  the  public  hear¬ 
ing  and  in  subsequent  correspondence. 
The  Guidelines  set  strict  conditions  for 
the  conduct  of  NIH-supported  research 
in  this  area.  They  prohibit  certain  types 
of  experiments  and  require  special  safety 
conditions  for  other  types.  The  provisions 
are  designed  to  afford  protection  with  a 
wide  margin  of  safety  to  workers,  the 
public,  and  the  environment.  On  July  7. 
1976,  the  NIH  Guidelines  were  published 
in  the  Federal  Register,  and  on  Septem¬ 
ber  9.  1976,  a  Draft  Environmental  Im¬ 
pact  Statement  on  the  Guidelines  was 
similarly  presented  for  public  comment 
(41  FR  38425  etseq.). 

A  Federal  Interagency  Committee  on 
Recombinant  DNA  Research  recom¬ 
mended  in  March  1977  that  legislation 
be  passed  to  extend  the  standards  of  the 
NIH  Guidelines  to  all  recombinant  DNA 
activities  in  the  public  and  private  sec¬ 
tors.  On  the  bsisis  of  the  recommenda¬ 
tions,  Health,  Education,  and  Welfare 
Secretary  Jos^h  A.  Callfano,  Jr.,  had 
legislation  developed,  and  an  Adminis¬ 
tration  bill  was  introduced  in  Congress. 
Congressional  hearings  were  held  and 
seperate  bills  are  now  being  considered 
by  the  House  of  Representatives  and  the 
Senate  to  convert  the  Guidelines  to 
standards  for  regulatory  purposes.  It 
should  be  noted  that  certain  types  of  ex¬ 
periments  now  covered  in  the  Guidelines 
would  no  longer  be  subject  to  regulation 
in  the  bills. 

On  April  11,  1957,  the  Secretary, 
DHEW,  adopted  as  official  policy  for 
DHEW  the  “NIH  Guidelines  for  Re¬ 
search  Involving  Recombinant  DNA 
Molecules”  (42  FR  40485).  The  NIH 
Guidelines,  as  released  in  1976,  have  gov¬ 
erned  all  NIH  supported  or  conducted 
recombinant  DNA  research.  From  dis¬ 
cussions  relating  to  the  release  of  the 
NIH  Guidleines,  it  is  recognized  that 
there  is  need  for  a  continual  updating  in 
light  of  new  knowledge.  In  1977  the  Re¬ 
combinant  Advisory  Committee,  which 
had  proposed  the  original  guidelines, 
began  the  process  of  revising  the  current 
NIH  Guidelines  on  the  basis  of  informa¬ 
tion  accumulated  on  the  effectiveness  of 
physical  and  biological  containment  and 
on  the  biology  of  the  hosts  and  vectors 
utilized  in  recombinant  DNA  research.  A 
Subcommittee  to  the  full  Cimunittee  held 
open  meetings  in  March  and  April  to 
consider  comments  received  since  the 
NIH  Guidelines  were  released.  On  the 
basis  of  these  deliberations,  revisions 
were  proposed  and  were  considered  by 
the  full  Committee  at  public  meetings  in 
May  and  June.  On  September  1, 1977,  the 
proposed  revised  Guidelines  were  re¬ 
ferred  to  the  Director,  NIH,  for  final 
decision. 

The  proposed  revised  Guidelines  will 
be  published  in  September  for  comment 
in  the  “NIH  Recombinant  DNA  Tech¬ 
nical  Bulletin.”  The  Bulletin  is  a  new 
NIH  publication  that  will  attempt 
to  link  investigators  involved  in  recombi¬ 
nant  DNA  research  both  in  the  United 


States  and  abroad  with  the  advisory 
groups  and  organizations  active  in  this 

area. 

Tb  provide  further  opportunity  for 
public  comment  and  consideration,  the 
proposed  revised  Guidelines  are  offered 
below.  All  comments  received  will  be 
considered  by  the  Director,  NIH,  and  by 
the  Advisory  Committee  to  the  Director. 
NIH,  at  its  December  meeting.  On  the 
basis  of  the  comments  received  and  re¬ 
view  by  the  Advisory  Committee,  the  Di¬ 
rector  will  subsequently  issue  final 
Guidelines  accompanied  by  a  decision 
document  explaining  the  modifications. 

Please  address  any  comments  on  these 
draft  policies  and  procedures  to  the  Di¬ 
rector,  National  Institutes  of  Health, 
9000  RockviUePike.  Bethesda,  Md.  20014. 
All  comments  should  be  received  by  No¬ 
vember  15. 1977.  Additional  copies  of  this 
notice  are  available  from : 

Director,  Office  of  Recombinant  DNA  Activi¬ 
ties,  BuUdlng  31,  Room  4A52,  National  In¬ 
stitutes  of  Health,  9000  Rockville  Pike, 
Bethesda.  Md.  30014. 

Dated:  September  16, 1977. 

Donald  S.  Fredrickson, 
Director, 

National  Institutes  of  Health. 
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I.  iNTBODUenON 

The  purposes  of  these  Guidelines  Is  to 
establish  procedures  for  handling  organisms 
and  viruses  containing  recombinant  DNA 
molecules.  Recombinant  DNA  molecules  are 
defined  as  molecules  consisting  of  segments 
of  DNA  from  different  genomes  which  have 
been  Joined  end-to-end  outside  living  cells 
and  have  the  capacity  to  Infect  some  host 
cell  and  be  maintained  therein.  These 
Guidelines,  however,  pertain  only  to  “novel 
recombinant  DNAs,"  here  defined  as  mole¬ 
cules  that  consist  of  segments  of  any 
DNA  from  different  species  that  are  not 
known  to  exchange  chromosomal  DNA  by 
natural  physiological  processes.  The  Director 
of  NIH  with  the  advice  of  the  Recombinant 
DNA  Molecule  Program  Advisory  Ckimmlttee 
shall  prepare  the  list  of  those  combinations 
of  DNAs  (viral,  eztrachromosomal  or  chromo- 
sonuU)  which  are  not  considered  novel  for 
this  purpose  and  are,  therefore,  not  covered 
by  these  OuideUnes.  In  general,  recombinant 
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DNA  molecules  formed  from  any  combina¬ 
tion  of  DNAs  will  not  be  considered  novel 
when  all  the  components  are  derived  from 
genomes  known  to  replicate  within  the  orga¬ 
nism  used  to  propagate  the  recombinant 
DNA.» 

A  major  task  of  this  Committee  has  been 
first  to  prepare  and  then  periodically  to  re¬ 
vise  Ouldellnes  that  will  allow  the  promise 
of  recombinant  DNA  research  to  be  realized. 
While  providing  the  caution  that  Is  dictated 
by  concerns  about  the  possibility  of  hazard, 
however  remote. 

The  present  revisions  take  Into  account 
many  communications  from  both  scientists 
and  non -scientists  since  the  original  publi¬ 
cation  of  the  Ouldellnes.  During  this  period 
the  Conunlttee  has  also  become  better  In¬ 
formed  about  the  general  ecology  and  epi¬ 
demiology  of  Infectious  microorganisms.  Of 
particular  relevance  has  been  the  Informa¬ 
tion  received  from  many  medical  mlcro- 
blologlsu.  Including  data  from  experiments 
with  Escherichia  coli  K-12.  These  experi¬ 
ments  include  a  demonstration  that  strain 
K-ia  cannot  be  made  pathogenic  even  when 
provided,  by  standard  genetic  techniques, 
with  the  genes  for  known  toxins  and  other 
pathogenic  properties.  Other  relevant  experi¬ 
ments  that  have  been  reported  show  that  the 
incorporation  of  foreign  DNA  does  not  In¬ 
crease,  but  rather  tends  to  decrease,  the  gen¬ 
eral  fitness  of  microorganisms;  this  phe¬ 
nomenon  further  contributes  to  the  unlike¬ 
lihood  that  cells  carrying  recombinant  DNA 
will  survive  in  nature.  Indeed,  everything 
we  have  learned  tends  to  diminish  our  esti¬ 
mate  of  the  risk  associated  with  recombinant 
DNA  In  £.  coli  K-12.  Nevertheless,  the  re¬ 
vised  Ouldellnes  continue  to  be  deliberately 
restrictive,  with  the  Intent  of  erring  on  the 
side  of  caution. 

In  constructing  these  Ouldellnes  it  was 
necessary  to  define  boundary  conditions  for 
the  different  levels  of  physical  and  biological 
containment  and  for  the  classes  of  experi¬ 
ments  to  which  they  apply.  We  recognize 
that  these  definitions  do  not  take  Into  ac¬ 
count  all  existing  and  anticipated  Informa¬ 
tion  on  special  procedures  that  will  allow 
particular  experiments  to  be  carried  out 
under  different  conditions  than  Indicated 
here  without  affecting  risk.  Indeed,  we  urge 
that  Individual  Investigators  devise  simple 
and  more  effective  containment  procedures 
and  that  investigators  and  study  sections 
recommend  changes  In  the  Ouldellnes  to 
permit  their  use. 

It  Is  urged  that  all  publications  dealing 
with  recombinant  DNA  work  Include  a  de¬ 
scription  of  the  physical  and  biological  con¬ 
tainment  procedures  employed,  to  aid  others 
who  might  consider  repeating  this  work. 

n.  CONTAINUZNT 

Effective  biological  safety  programs  have 
been  operative  In  a  variety  of  laboratories 
for  many  years.  Considerable  information 
therefore  already  exists  for  the  design  of 
physical  containment  facilities  and  the  se¬ 
lection  of  laboratory  procedures  applicable 
to  organisms  carrying  recombinant  DNAs 
(1-14).  The  existing  programs  rely  upon 
mechanisms  that,  for  convenience,  can  be 
divided  Into  two  categories:  (i)  A  set  of 
standard  practices  that  are  generally  used  In 
microbiological  laboratories,  and  (11)  special 
procedures,  equipment,  and  laboratory  in¬ 
stallations  that  provide  physical  barriers 
which  are  applied  In  varying  degrees  accord¬ 
ing  to  the  estimated  blo-hazard. 

Experiments  on  recombinant  DNAs  by 
their  very  nature  lend  themselves  to  a  third 
containment  mechanism — namely,  the  appli¬ 
cation  of  highly  specific  biological  barriers. 
In  fact,  natural  barriers  do  exist  which  limit 
either  the  Infectlvlty  of  a  vector  or  vehicle 
(plasmid,  bacteriophage  or  virus)  to  specific 


hosts,  or  Its  dissemination  and  survival  In  the 
environment.  The  vectors  that  provide  the 
means  for  replication  of  the  recombinant 
DNAs  and. 'or  the  host  cells  in  which  they 
replicate  can  be  genetically  designed  to  de¬ 
crease  by  many  orders  of  magnitude  the  prob¬ 
ability  of  d'^mlnatlon  of  recombinant 
DNAs  outside  the  laboratory. 

As  these  three  means  of  containment  are 
complementary,  different  levels  of  contain¬ 
ment  appropriate  for  experiments  with  dif¬ 
ferent  recombinants  can  be  established  by 
applying  different  combinations  of  the  physi¬ 
cal  and  biological  barriers  to  a  constant  use 
of  the  standard  practices.  We  consider  these 
categories  of  containment  separately  here 
In  order  that  such  combinations  can  be  con¬ 
veniently  expressed  In  the  Guidelines  for  re¬ 
search  on  the  different  kinds  of  recombinant 
DNAs  (Section  HI). 

A.  Standard  practices  and  training.  The 
first  principle  of  containment  Is  a  strict  ad¬ 
herence  to  good  microbiological  practices 
(1-10).  Consequently,  all  personnel  directly 
or  Indirectly  involved  In  experiments  on  re¬ 
combinant  DNAs  must  receive  adequate  In¬ 
struction.  This  should  Include  at  least 
training  In  aseptic  techniques  and  Instruc¬ 
tion  In  the  biology  of  the  organisms  used 
In  the  experiments,  so  that  the  potential 
biohazards  can  be  understood  and  appreci¬ 
ated. 

Any  research  group  working  with  agents 
with  a  known  or  potential  biohazard  should 
have  an  emergency  plan  which  describes  the 
procedures  to  be  followed  If  an  accident  con¬ 
taminates  personnel  or  environment.  The 
principal  Investigator  must  ensure  that 
everyone  In  the  laboratory  Is  familiar  with 
both  the  potential  hazards  of  the  work  and 
the  emergency  plan.  If  a  research  group  is 
working  with  a  known  pathogen  for  which 
an  effective  vaccine  Is  available,  all  workers 
should  be  Immunized.  Serological  monitor¬ 
ing.  where  appropriate,  should  be  provided. 

B.  Physical  containment  levels. — The  ob¬ 
jective  physical  containment  Is  to  confine 
organisms  containing  novel  recombinant 
DNA  molecules,  and  thus  to  reduce  the  po¬ 
tential  for  exposure  of  the  laboratory  wcM'ker, 
persons  outside  of  the  laboratory,  and  the 
environment  to  organisms  containing  novel 
recombinant  DNA  molecules.  Physical  con¬ 
tainment  Is  achieved  through  the  use  of 
laboratory  practices,  containment  equip¬ 
ment.  and  special  laboratory  design.  Empha¬ 
sis  Is  placed  on  primary  means  of  physical 
containment  which  are  provided  by  labora¬ 
tory  practices  and  containment  equipment. 
Special  laboratory  design  provides  a  second¬ 
ary  mecuis  of  protection  against  the  acci¬ 
dental  release  of  organisms  outside  the  lab¬ 
oratory  or  to  the  environment.  Special  lab¬ 
oratory  design  Is  used  primarily  in  facilities 
In  which  experiments  of  moderate  to  high 
potential  hazards  are  performed. 

Combinations  of  laboratory  practices,  con¬ 
tainment  equipment,  and  special  laboratory 
design  can  be  made  to  achieve  different  levels 
of  physical  containment.  Four  levels  of  phys¬ 
ical  containment,  which  are  designated  as 
PI,  P2,  P3,  and  P4,  are  described.  It  should 
be  emphasized  that  the  descriptions  and  as¬ 
signments  of  physical  containment  detailed 
below  are  based  on  existing  approaches  to 
containment  of  pathogenic  organisms.  For 
example  the  "Classification  of  Btiologlc 
Agents  on  the  Basis  of  Hazard”  (2),  pre¬ 
pared  by  the  Center  for  Disease  Control, 
describes  four  general  levels  which  roughly 
oorre^)ond  to  our  descriptions  for  PI,  P2, 
P3,  and  P4;  and  the  National  Cancer  Insti¬ 
tute  describes  three  levels  for  research  on 
oncogenic  viruses  which  roughly  correspond 
to  our  P2,  P3,  and  P4  levels  (3) . 

It  Is  recognized  that  other  combinations 
of  laboratory  practices,  containment  equip¬ 
ment,  and  special  laboratory  design  may  be 


appropriate  for  containment  of  qieclflc  re¬ 
search  activities.  The  Guidelines,  therefore, 
allow  alternative  selections  of  primary  con¬ 
tainment  equ4>ment  within  facilities  that 
have  been  designed  to  provide  P3  and  P4 
levels  of  physical  containment.  The  selection 
of  alternative  methods  of  primary  contain¬ 
ment  Is  dependent,  however,  on  the  level  of 
biological  containment  provided  by  the  host- 
vector  system  used  In  the  experiment.  Con¬ 
sideration  will  also  be  given  by  the  Recom¬ 
binant  DNA  Molecule  Program  Advisory  Com¬ 
mittee  to  other  combinations  which  achieve 
an  equivalent  level  of  containment.  Addi¬ 
tional  material  on  physical  containment  for 
plant  host-vector  systems  Is  found  on  page 
m-24. 

1.  PI  level. — a.  Laboratory  practices.  (1) 
LaboratM-y  doors  shall  be  kept  closed  while 
experiments  are  In  progress. 

(21  Work  surfaces  shall  be  decontami¬ 
nated  dally,  and  Immediately  following  spills 
of  organisms  containing  recombinant  DNA 
molecules. 

(3)  All  biological  wastes  shall  be  decon¬ 
taminated  before  dlqiosal.  Other  contami¬ 
nated  materials  such  as  glassware,  animal 
cages,  and  laboratory  equipment  shall  be 
decontaminated  before  washing,  reuse,  or 
disposal. 

(4)  Although  pipetting  by  mouth  Is  per¬ 
mitted,  It  Is  recommended  that  mechanical 
pipetting  devices  be  used.  When  pipetting  by 
mouth,  cotton-plugged  pipettes  shall  be  em¬ 
ployed. 

(5)  Eating,  drinking,  smoking,  and  stor¬ 
age  of  foods  are  not  permitted  In  the  work¬ 
ing  area. 

(6)  Persons  shall  wash  their  hands  after 
handling  organisms  containing  recombinant 
DNA  molecules  and  when  they  leave  the 
laboratory. 

(7)  Care  shall  be  taken  in  the  conduct  of 
all  procedures  to  minimize  the  creation  of 
aerosols. 

(8)  Contaminated  materials  that  are  to  be 
decontaminated  at  a  site  away  from  the  lab¬ 
oratory  shall  be  placed  in  a  durable  leak- 
proof  container  which  Is  closed  before  re¬ 
moval  from  the  laboratory. 

(9)  An  Insect  and  rodent  control  program 
shall  be  Instituted. 

( 10)  The  use  of  laboratory  gowns,  coats,  or 
uniforms  is  discretionary  with  the  laboratory 
supervisor. 

(11)  Use  of  the  hypodermic  needle  and  sy¬ 
ringe  shall  be  avoided  when  alternative 
methods  are  available. 

b.  Containment  equipment.  Special  con¬ 
tainment  equipment  Is  not  required  at  the 
PI  level. 

c.  Special  laboratory  design.  Special  labo¬ 
ratory  design  is  not  required  at  the  PI  level. 

2.  P2  level. — a.  Laboratory  practices.  (1) 
Laboratory  doors  shall  be  kept  closed  while 
experiments  are  In  progress. 

(2)  Work  surfaces  shall  be  decontaminated 
dally,  and  immediately  following  spills  of  or¬ 
ganisms  containing  recombinant  DNA  mole¬ 
cules. 

(3)  All  biological  wastes  shall  be  decon¬ 
taminated  before  disposal.  Other  contami¬ 
nated  materials  such  as  glassware,  animal 
cages,  and  laboratory  equipment  shall  be  de¬ 
contaminated  before  washing,  reuse,  or  dis¬ 
posal. 

*(4)  Mechanical  pipetting  devices  shall  be 
used;  pipetting  by  mouth  Is  prohibited. 

(5)  Eating,  drinking,  smoking,  and  storage 
of  food  are  not  permitted  In  the  laboratory 
area. 

(6)  Persons  shall  wash  their  hands  after 
handling  organisms  containing  recombinant 

*  Denotes  laboratory  practlcee,  contain¬ 
ment  equipment,  or  special  laboratory  de¬ 
sign  which  were  not  required  at  the  next 
lower  level  of  containment. 
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DNA  molecules  and  when  ttvey  leave  tbe 
laboratory. 

*(7)  Care  shall  be  exercised  to  minimize 
the  creation  of  aeroeols.  For  example,  manip¬ 
ulations  such  as  Inserting  a  hot  Inoculating 
loop  or  needle  Into  a  culture,  flaming  an 
Inoculation  loop  or  needle  so  that  It  splat¬ 
ters,  and  forceful  ejection  of  fluids  from  pi¬ 
pettes  or  syringes  shall  be  avoided. 

(8)  Contaminated  materials  that  are  to 
be  decontaminated  at  a  site  away  from  the 
laboratory  shall  be  placed  In  a  durable  leak- 
proof  container  which  Is  closed  before  re¬ 
moval  from  the  laboratory. 

*(9)  Only  persons  who  have  been  advised 
of  the  nature  of  the  research  being  con¬ 
ducted  shall  enter  the  laboratory. 

*(10)  Children  under  12  years  of  age  shall 
not  enter  the  laboratory. 

*(11)  The  universal  biohazard  sign  shall 
be  posted  on  all  laboratory  access  doors  when 
experiments  requiring  P2  containment  are  in 
progress  Freezers  and  refrigerators  used  to 
store  organisms  containing  recombinant 
DNA  molecules  shall  also  be  posted  with  the 
universal  biohazard  sign. 

(12)  An  Insect  and  rodent  control  program 
shall  be  Instituted. 

*(13)  The  use  of  laboratory  gowns,  coats, 
or  uniforms  Is  required.  Laboratory  clothing 
shall  not  be  worn  to  the  lunch  room  or  out¬ 
side  of  the  building  in  which  the  laboratory 
Is  located. 

*(14)  Animals  not  related  to  the  experi¬ 
ment  shall  not  be  permitted  In  the  labora¬ 
tory. 

*(15)  Use  of  the  hypodermic  needle  and 
syringe  shall  be  avoided  when  alternative 
methods  are  available. 

*(16)  The  laboratory  shall  be  kept  neat, 
clean,  and  free  of  materials  not  pertinent  to 
the  research. 

*(17)  Experiments  of  lesser  biohazard 
potential  can  be  carried  out  concurrently  in 
carefully  demarcated  areas  of  the  same 
laboratory. 

b.  Containment  equipment.  *Blologlcal 
safety  cabinets*  shall  be  used  to  contain 
aerosol -producing  equipment  such  as 
blenders,  lyophlllaers,  sonlcators,  and  cen¬ 
trifuges  when  used  to  process  organisms  con¬ 
taining  recombinant  DNA  molecules,  except 
where  equipment  design  provides  for  con¬ 
tainment  of  the  potential  aerosol.  For 
example,  a  centrifuge  may  be  operated  In  the 
open  If  a  sealed  head  or  safety  centrifuge 
cups  are  used. 

c.  Special  laboratory  design.  *An  autoclave 
for  sterilization  of  wastes  and  contaminated 
materials  shall  be  available  In  the  same 
building  In  which  organisms  containing 
recombinant  DNA  molecules  are  used. 

3.  P3  level. — a.  Laboratory  practices.  (1) 
doors  shall  be  kept  closed  while  experiments 
are  In  progress. 

*(2)  Work  surfaces  shall  be  decontami¬ 
nated  following  the  completion  of  the  experi¬ 
mental  activity,  and  immediately  following 
spills  of  organisms  containing  recombinant 
DNA  molecules. 

(3)  All  biological  wastes  shall  be  decon¬ 
taminated  before  disposal.  Other  con¬ 
taminate  materials  such  as  glassware,  animal 
cages,  and  laboratory  equipment  shall  be  de¬ 
contaminated  before  washing,  reuse,  or 
disposal. 

(4)  Mechanical  pipetting  devices  shall  be 
used;  pipetting  by  mouth  Is  prohibited. 

(5)  Bating,  drinking,  smoking,  and  stor¬ 
age  of  food  are  not  permitted  In  the  labora¬ 
tory  area. 

(6)  Persons  shall  wash  their  hands  after 
handling  organisms  containing  recombinant 
DNA  molecules  and  when  they  leave  the 
laboratory. 

(7)  Care  shall  be  exercised  to  minimize  the 
creation  of  aeroeols.  For  example,  manlpula- 
tlcms  sucdi  as  inserting  a  hot  Inoculating 
loop  or  needle  Into  a  culture,  flaming  an 


Inoculation  loop  or  needle  so  that  It  splat¬ 
ters.  and  forceful  ejection  ot  fluids  ftom 
pipettes  or  syringes  shall  be  avoided. 

(8)  Contaminated  materials  that  are  to 
be  decontaminated  at  a  site  away  from  the 
laboratory  shall  be  placed  In  a  durable  leak- 
proof  container  which  Is  closed  before  re¬ 
moval  from  the  laboraUM'y. 

*(9)  Entry  Into  the  laboratory  shall  be 
through  a  controlled  access  area.  Only  per¬ 
sons  who  have  been  advised  of  the  nature 
of  the  research  being  conducted  shall  enter 
the  controlled  access  area.  OiUy  persons  re¬ 
quired  on  the  basis  of  program  or  support 
needs  shall  be  authorized  to  enter  the  labora¬ 
tory.  Such  persons  shall  be  advised  of  the 
nature  of  the  research  being  conducted  be¬ 
fore  entry,  and  shall  comply  with  all  required 
entry  and  exit  procedures. 

(10)  Children  under  12  years  of  age  shall 
not  enter  the  laboratory 

*(11)  The  universal  Mohazard  sign  shall 
be  posted  on  the  controlled  access  area  door 
and  on  all  Isdxiratory  doors  when  experiments 
requiring  P3  level  containment  are  In  prog¬ 
ress.  Freezers  and  refrigerators  used  to  store 
organisms  containing  recombinant  DNA 
molecules  shall  also  be  posted  with  the  uni¬ 
versal  biohazard  sign. 

(12)  An  Insect  and  rodent  control  program 
shall  be  Instituted. 

*(13)  Laboratory  clothing  that  protects 
street  clothing  (l.e.,  long  sleeve  solid-front 
or  wrap-around  gowns,  no-button  or  slip¬ 
over  Jackets,  etc.)  shall  be  worn  In  the  lab¬ 
oratory.  Front-button  laboratory  coats  are 
unsuitable.  Laboratory  clothing  shall  not  be 
worn  outside  the  laboratory  and  shall  be  de¬ 
contaminated  before  It  Is  sent  to  the  laundry. 

*(14)  Raincoats,  overcoats,  topcoats,  coats, 
hata  caps,  and  such  street  out-wear  shall 
not  be  kept  in  the  laboratory. 

*(15)  Gloves  shall  be  worn  when  handling 
materials  requiring  P3  containment.  They 
shall  be  removed  aseptlcally  Immediately  fol¬ 
lowing  the  handling  procedure  and  decon¬ 
taminated. 

*(16)  Animals  and  plants  not  related  to 
the  experiment  shall  not  be  permitted  In  the 
laboratory. 

*  ( 17)  Vacuum  outlets  shall  be  protected  by 
Alter  and  liquid  disinfectant  traps. 

( 18)  Use  of  hypodermic  needle  and  syringe 
shall  be  avoided  when  alternative  methods 
are  available. 


(IB)  The  laboratory  shall  be  kept  neat, 
clean,  and  free  of  materials  not  pertinent  to 
the  research. 

*(20)  If  experiments  Involving  other  or¬ 
ganisms  which  require  lower  levels  of  con¬ 
tainment  are  to  be  conducted  In  the  same 
laboratory  concurently  with  experiments  re¬ 
quiring  P3  level  physical  containment,  they 
shall  be  conducted  in  accordance  with  all 
P3  level  laboratory  practices. 

b.  Containment  Equipment.  *(1)  Biologi¬ 
cal  safety  cabinets*  shall  be  used  for  all 
equipment  and  manipulations  that  produce 
aerosols  (eg.,  pipetting,  dilutions,  transfer 
operations,  plating,  flaming,  grinding,  blend¬ 
ing,  drying,  sonicating,  shaking,  centrifug¬ 
ing  etc.)  where  these  procedures  Involve 
organisms  containing  recombinant  DNA 
molecules,  except  where  equipment  design 
provides  for  containment  of  the  potential 
aerosol. 

*(2)  Laboratory  animals  held  In  a  P3  area 
shall  be  housed  In  partial  containment  cag¬ 
ing  systems  such  as  Horsfall  uiUts,  open  cages 
placed  In  ventilated  enclosures,  solid  wall 
and  bottom  cages  covered  by  Alter  bonnets, 
or  solid  wall  and  bottom  cages  placed  on 
holding  racks  equipped  with  ultraviolet  ra¬ 
diation  lamps  and  reflectors. 

Note:  Conventional  caging  systems  may 
be  used;  Provided,  That  all  personnel  wear 
appropriate  personal  protective  devices. 
These  shall  Include  at  a  minimum,  wrap 
around  gowns,  head  covers,  gloves,  shoe  cov¬ 
ers,  and  respirators.  All  personnel  shall 
shower  on  exit  from  areas  where  these  per¬ 
sonal  protective  devices  are  required  ) 

*(3)  Alternative  selection  of  containment 
equipment.  Experimental  procedures  Involv¬ 
ing  a  host-vector  system  which  provides  a 
one-step  higher  level  of  biological  contain¬ 
ment  than  that  speclfled  In  Section  ni  can 
be  conducted  In  the  P3  laboratory  using 
containment  equipment  requirements  sped- 
fled  for  the  P2  level  of  physical  contaliunent. 
Experimental  procedures  Involving  a  host- 
vector  system  which  provides  a  one-etep 
lower  level  of  biological  crmtalnment  than 
that  speclfled  In  Section  III  can  be  conducted 
In  the  P3  laboratory  using  contaliunent 
equipment  requirements  speclfled  for  the  P4 
level  of  physical  containment.  Alternative 
combinations  of  containment  safeguards  are 
shown  In  Table  I  on  the  following  page. 


Table  I. — Combinations  of  containment  safeguards 


Classification  of  experiment  according  Combinations  of  physical  and  biological  contairunent 

to  guidelines 


Phj^sical 

oontainmmt 

Biologicsl* 

containmnit 

Laboratory 

dfsign 

specified  for — 

Laboratory 
practices 
specified  for— 

Containment 
equipment 
specified  for— 

Biological 

containment 

P3 

HV3 

P3 

P3 

P3 

nV3 

P3 

HV3 

P3 

P3 

P4 

HV2 

P3 

HV2 

P3-^ 

P3 

P3 

nV2 

P3 

HV2 

P3 

pa 

P2 

HV3 

P3 

HV2 

P3 

P3 

P4 

HVl 

P3 

TTVl 

P3 

P3 

P3 

HVl 

P3 

HVl 

P3 

P3 

P2 

HV2 

*See  sec.  IT,  D.  for  description  of  biological  containment. 

c.  Special  Laboratory  Design.  *(1)  The  lab. 
oratory  shall  be  separated  from  areas  which 
are  open  to  unrestricted  trafllc  flow  within 
the  building  by  a  controlled  access  area.  A 
controlled  access  area  Is  an  anteroom,  a 
change  room,  an  air  lock  or  any  other  double 
door  arrangement  which  separates  the  lab¬ 
oratory  from  areas  which  are  open  to  un¬ 
restricted  trafllc  flow. 

*(2)  The  surfaces  of  walls,  floors,  and 
ceilings  shall  be  readily  cleanable.  Penetra¬ 
tions  through  these  surfaces  shall  be  sealed 
or  capable  of  being  sealed  to  facilitate  space 
decontamination . 


*(3)  A  foot,  elbow,  or  aut<Hnatlcally  oper¬ 
ated  hand  washing  facility  shall  be  pro¬ 
vided  near  each  primary  laboratory  exit  area. 

*(4)  Windows  In  the  laboratory  shall  be 
sealed. 

*(5)  Labtuatory  doors  shall  be  self -closing. 

(6)  An  autoclave  for  sterilization  of  wastes 
and  contaminated  materials  shall  be  avail¬ 
able  In  the  same  building  In  which  orga¬ 
nisms  containing  recombinant  DNA  colecules 
are  used. 

*(7)  An  exhaust  ah’  ventilation  system 
shall  be  provided.  This  system  shall  be  bal¬ 
anced  so  that  the  direction  ot  air  flow  Is 
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from  the  controlled  scceu  area  Into  the 
laboratory  environment.  The  exhaust  air 
shall  not  be  recirculated  to  any  other  areas 
of  the  building.  Recirculation  of  air  within 
the  laboratory  room,  however,  may  be  pro¬ 
vided.  The  exhaust  air  from  the  laboratory 
shall  be  discharged  to  the  outdoors  so  that 
It  la  dispersed  clear  of  occupied  buildings 
and  air  intakes.  The  exhaust  air  from  the 
laboratory  can  be  discharged  to.the  outdoors 
without  nitration  or  other  treatment. 

*  (8)  The  treated  exhaust  air  from  Class  I 
and  Class  n  biological  safety  cabinets  ’  may 
be  discharged  either  directly  to  the  labora¬ 
tory  or  to  the  outdoors.  The  treated  exhaust 
air  from  a  Class  ni  cabinet  shall  be  dis¬ 
charged  directly  to  the  outdoMS.  If  the 
treated  exhaust  air  from  these  cabinets  Is  to 
be  discharged  to  the  outdoors  through  a 
building  exhaust  air  system.  It  shall  be  con¬ 
nected  to  this  system  as  to  avoid  any 
Interference  with  the  air  balance  of  the  cabi¬ 
net  or  building  exhaust  air  system. 

4.  P4  Level — a.  Laboratory  Practtees.  (1) 
Laboratory  doors  shall  be  kept  closed  while 
experiments  are  in  progress. 

(2)  Work  surfaces  shall  be  decontaminated 
following  the  completion  of  the  experimental 
activity  and  immediately  following  spills  of 
organisms  containing  recombinant  DNA 
molecules. 

(S)  All  biological  wastes  shall  be  decon¬ 
taminated  before  disposal.  Other  contami¬ 
nated  materials  such  as  glassware,  animal 
cages,  and  laboratory  equipment  shall  be 
decontaminated  before  washing,  reuse, 
disposal. 

(4)  Mechnlcal  pipetting  devices  shall  be 
used;  pipetting  by  mouth  Is  prohibited. 

*(6)  Eating,  drinking,  smoking,  and  stor¬ 
age  of  food  are  not  permitted  In  the  P4 
faculty. 

(61  Persons  shall  wash  their  hands  after 
handling  organisms  containing  recombinant 
DNA  molecules  and  when  they  leave  the 
laboratory. 

(7)  Care  shall  be  exercised  to  mlnlmlae  the 
creation  of  aerosols.  For  example,  manipula¬ 
tions  such  as  Inserting  a  hot  inoculating 
loop  or  needle  Into  a  culture,  flaming  an 
Inoculation  loop  or  needle  so  that  It  splatters, 
and  forc^ul  ejection  of  fluids  from  pipettes 
or  syringes  shall  be  avoided. 

*(8)  Biological  materials  to  be  removed 
from  the  P4  facility  In  a  viable  or  Intact 
state,  shall  be  transferred  to  a  nonbreakable 
sealed  contained  which  is  then  removed  from 
the  P4  facility  through  a  pass-through  dis¬ 
infectant  dunk  tank  or  fumigation  chamber. 

*(9)  No  materials,  except  for  biological 
naaterlals  that  are  to  rmnaln  In  a  viable  or 
Intact  state.  shaU  be  removed  from  the  P4 
facllltv  unless  they  have  been  sterilised  or 
decontaminated  as  they  pass  out  of  the  P4 
facility.  All  wastes  and  other  materials  as 
weU  as  equipment  not  damaged  by  high 
temperature  or  steam  shaU  be  sterilized  In 
the  double-door  autoclave  of  the  P4  faculty. 
Other  materials  which  may  be  damaged  by 
temperature  or  steam  shall  be  removed  from 
the  P4  facility  though  a  pass-through  fumi¬ 
gation  chamber. 

*(10)  Materials  within  the  Oass  m 
cabinets  shall  be  removed  from  the  cabinet 
system  onlv  after  being  sterilized  In  an  at¬ 
tached  double-door  autoclave  or  after  being 
contained  In  a  non-breakable  seaaled  con¬ 
tainer  wblch  Is  then  passed  through  a  disin¬ 
fectant  dunk  tank  or  a  fumigation  chamber. 

*  (11)  OrUy  persons  whose  entry  Into  the 
P4  faculty  Is  required  on  the  basis  of  program 
or  support  needs  shall  be  authorized  to  en¬ 
ter.  Such  persons  shall  be  adylaed  of  the  na¬ 
ture  of  the  research  being  conducted  and  In¬ 
structed  as  to  the  appropriate  safeguards  to 
ensure  their  safety  before  entry.  Such  per¬ 
sons  shall  comply  with  Instructions  and  all 
other  required  procedures. 


*(12)  Persons  under  18  years  of  age  shall 
not  enter  the  P4  facility. 

*(13)  Personnel  shall  enter  Into  and  exit 
from  the  P«  facility  only  through  the  cloth¬ 
ing  change  and  shower  rooms.  Personnel 
shall  shower  at  each  exit  from  the  P4  fa¬ 
culty.  Air  locks  shall  not  be  used  for  per¬ 
sonnel  entry  or  exit  except  for  emergencies. 

*(14)  Street  clothing  shall  be  removed  In 
the  outer  side  of  the  P4  facility  clothing 
change  area  and  kept  there.  Complete  labora¬ 
tory  clothing  Including  underg^arments, 
pants  and  shirts  or  Jumpsuits,  shoes,  head 
cover,  and  gloves  shall  be  provided  and  used 
by  all  persons  who  enter  Into  the  P4  facility. 
Upon  exit,  this  clothing  shall  be  stored  In 
lockers  provided  for  this  purpose  or  discarded 
Into  collection  hampers  before  personnel 
enter  Into  the  shower  area. 

*(16)  The  universal  biohazard  sign  Is  re¬ 
quired  on  the  P4  facility  access  doors  and  all 
interior  doors  to  Individual  laboratory  rooms 
where  experiments  are  conducted. 

(16)  An  Insect  and  rodent  control  program 
shall  be  instituted. 

(17)  Animals  and  plants  not  related  to  the 
experiment  shaU  not  be  permitted  in  the 
laboratory  In  which  the  experiment  Is  being 
conducted. 

(18)  Use  of  the  hypodermic  needle  and 
syringe  shall  be  avoided  when  alternate 
methods  are  available. 

(19)  Ihe  laboratory  shall  be  kept  neat, 
clean,  and  free  of  materials  not  pertinent  to 
the  research. 

*(20)  If  experiments  Involving  other  or¬ 
ganisms  which  require  lower  levels  of  con¬ 
tainment  are  to  be  conducted  In  the  P4  fa¬ 
cility  coiKurrently  with  experiments  requir¬ 


ing  P4  level  containment,  they  sbaU  be  con¬ 
ducted  In  aooordanee  with  all  P4  level  labo¬ 
ratory  practices  specified  in  this  section. 

b.  Containment  equipment.  *(1)  Experi¬ 
mental  procedures  Involving  organisms  wblch 
require  P4  level  physical  containment  shaU 
be  conducted  cither  In  (a)  a  Class  III  cab¬ 
inet  system  or  In  (b)  Class  I  or  Class  IZ 
cabinets  that  are  located  In  a  specially  de¬ 
signed  area  In  which  all  personnel  are  re¬ 
quired  to  wear  one-piece  positive  pressure 
Isolation  suits. 

*(2)  Laboratory  animals  involved  in  ex- 
perlmenu  requiring  P4  level  physical  con¬ 
tainment  shall  be  housed  either  In  cages  con¬ 
tained  In  Class  in  cabinets  or  In  partial 
containment  caging  systems  (such  as  Hors¬ 
fall  units,  open  cages  placed  In  ventilated 
enclosures,  or  solid  wall  and  bottom  cages 
covered  by  filter  bonnets,  or  solid  wall  and 
bottom  cages  placed  on  bolding  racks 
equipped  with  ultraviolet  Irradiation  lamps 
and  reflectors)  that  are  located  In  a  specially 
designed  cuea  In  which  all  personnel  are  re¬ 
quired  to  wear  one-piece  positive  pressure 
suits. 

*(3)  Alternative  aelectMyn  of  containment 
equipment.  Experimental  proc^ures  Involv¬ 
ing  a  host-vector  system  wblch  provides  a 
one-step  higher  level  of  biological  contain¬ 
ment  than  that  specified  In  Section  in  can 
be  conducted  In  the  P4  facility  using  con¬ 
tainment  equipment  requirements  specified 
for  the  P3  level  of  physical  containment.  Al¬ 
ternative  combinations  of  containment  safe¬ 
guards  are  shown  In  Table  n  on  following 
page. 


Table  II. — Combinations  of  containment  safeguards 


Clai^Acation  of  experiment  acrordiiig  Combinations  of  physical  and  biological  eoBtainment 

to  guidelinrs 


Physical  Biological*  Laboratory  Laboratory  Containment  Biological 

containment  containment  design  practices  eqiupment  eoatainmeat 

specihed  lor—  specified  lor—  verified  lor— 


P4  HVl  P4  P4  P4  HVl 

P4  HVl  P4  P4  Pa  HV3 


*8ee  see.  II,  D.  fer  description  of  biological  ernitainment. 

s.  Special  laboratory  design.  *(1)  The  lab- 
oratoi7  shaU  be  located  In  a  restricted  ac¬ 
cess  facility  wblch  Is  either  a  separate  build¬ 
ing  a  clearly  demarcated  and  Isolated  zone 
within  a  building.  Clothing  change  areas  and 
shower  romns  sbaU  be  provided  for  personnel 
entry  and  egress.  These  rotxns  shall  be  ar¬ 
ranged  so  that  personnel  egress  Is  through 
the  shower  area  to  the  change  room.  A  dou¬ 
ble  door  ventilated  vestibule  or  ultraviolet 
air  lock  shall  be  provided  for  passage  of  ma¬ 
terials.  suppUes,  and  equipment  which  are 
not  brought  into  the  P4  facility  through  the 
change  room  area. 

*  (2)  Walls,  floors,  and  ceilings  of  the  P4 
facility  are  constructed  to  form  an  Internal 
shell,  which  readUy  allows  vapor  pha*e  de¬ 
contamination  and  Is  animal-  and  Insect- 
proof.  All  penetrations  through  these  struc¬ 
tures  and  surfaces  are  sealed.  (The  Integrity 
of  the  walls,  floors,  ceilings,  and  penetration 
seals  should  ensure  adequa^  containment  of 
a  vapor  phase  decontaminant  xmder  static 
pressure  conditions;  this  requirement  does 
not  Imply  that  these  surfaces  must  be  air¬ 
tight.) 

*  (3)  A  foot,  elbow,  or  automatically  op¬ 
erated  hand  washing  faculty  shall  be  pro¬ 
vided  near  the  door  within  each  laboratory 
In  which  experiments  involving  recombinant 
IHIA  are  conducted  In  open-face  biological 
safety  cabinets. 

*(4)  Where  a  central  vacuum  sjrstem 
Is  provided.  It  shaU  not  serve  areas  out¬ 


side  of  the  F4  faculty.  The  vacuum  sys¬ 
tem  shall  Include  In-line  HEPA  filters  as  near 
as  practicable  to  each  use  point  or  service 
cock.  The  filters  shaU  be  Installed  so  as  to 
permit  In-place  decontam  1  nation  and  re¬ 
placement.  Water  supply  and  liquid  and  gas¬ 
eous  services  provided  to  the  P4  facility  shall 
be  protected  by  devices  that  prevent  back 
flow. 

*(6)  Food-operated  water  fountains  are 
permitted  In  the  corridors  of  the  P4  facility. 
The  waiter  service  provided  to  the  fountain 
shall  be  independent  of  the  water  services  to 
the  laboratory  areas  at  the  P4  facility. 

(6)  Laboratory  doors  shall  be  self-closing. 

*(7)  A  double  door  autoclave  shaU  be  pro¬ 
vided  lor  sterilization  of  material  passing  out 
of  the  P4  facility.  The  autoclave  doors  shaU 
be  interlocked  so  that  both  doors  will  not 
be  open  at  the  same  time. 

*(8)  A  pass-through  dimk  tank  or  fumi¬ 
gation  chamber  shall  he  provided  for  removal 
of  material  and  equipment  that  cannot  be 
heat  sterilized  from  the  P4  faculty. 

*  (9)  All  liquid  affluents  from  the  P4  fa¬ 
cility  ShaU  be  collected  and  decontaminated 
before  disposal.  Liquid  effluents  from  bio¬ 
logical  safety  cabinets  and  laboratory  sinks 
ShaU  be  sterilized  by  beat.  Liquid  effluents 
from  the  shower  and  hand  washing  facilities 
may  be  Inactivated  by  chemical  treatment. 
HEPA  filters  shaU  be  Installed  In  all  effluent 
drain  vent  lines. 
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•(10)  An  Individual  supply  and  exhaust 
air  ventilation  system  shall  be  provided  for 
the  P4  facility.  The  system  shall  maintain 
pressure  dllTerentlals  and  directional  air  How 
as  required  to  assure  inflow  from  areas  out¬ 
side  of  the  P4  facility  toward  areas  of  high¬ 
est  potential  risk  within  the  P4  facility.  The 
system  shall  be  designed  to  prevent  the  re¬ 
versal  of  air  flow.  The  system  shall  sound  an 
alarm  in  the  event  of  system  malfunction. 

*(11)  Recirculation  of  air  within  individ¬ 
ual  laboratories  of  the  P4  facility  is  permis¬ 
sible  provided  that  this  air  is  filtered  by  a 
HEPA  filter. 

*(12)  The  exhaust  air  from  the  facility 
shall  be  filtered  by  HEPA  filters  and  dis¬ 
charged  to  the  outdoors  so  that  it  is  dis¬ 
persed  clear  of  occupied  buildings  and  air 
intakes.  The  filter  chambers  shall  be  de¬ 
signed  to  allow  in  situ  decontamination  be¬ 
fore  removal  and  to  facilitate  certification 
testing  after  replacement. 

(13)  The  treated  exhaust  air  from  Class  I 
and  Class  n  biological  safety  cabinets  *  may 
be  discharged  directly  to  the  laboratory  room 
environment  or  to  the  outdoors.  The  treated 
exhaust  air  from  Class  in  cabinets  shall  be 
discharged  to  the  outdoors.  If  the  treated  ex¬ 
haust  air  from  these  cabinets  is  to  be  dis¬ 
charged  to  the  outdoors  through  the  P4  fa¬ 
cility  exhaust  air  system,  it  shall  be  con¬ 
nected  to  this  system  so  as  to  avoid  any  in¬ 
terference  with  the  air  balance  of  the  cabi¬ 
nets  or  the  facility  exhaust  air  system. 

*  (14)  A  specially  designed  suit  area  may 
be  provided  in  the  facility.  Personnel  who 
enter  this  area  shall  wear  a  one-piece  posi¬ 
tive  pressure  suit  that  is  ventilated  by  a  life 
support  system.  The  life  support  system  shall 
be  provided  with  alarms  and  emergency  back¬ 
up  tank  air.  Entry  to  this  area  is  through 
an  air-lock  fitted  with  airtight  doors.  A 
chemical  shower  area  shall  be  provided  to 
decontaminate  the  surfaces  of  the  suit  before 
removal.  The  exhaust  air  from  the  suit  area 
shall  be  filtered  by  two  sets  of  HEPA  filters 
Installed  in  series.  A  duplicate  filtration 
unit  and  exhaust  fan  shall  be  provided.  An 
emergency  power  source  shall  be  provided. 
The  air  pressure  within  the  suit  area  shall  be 
less  than  that  in  any  adjacent  area.  Emer¬ 
gency  lighting  and  communication  systems 
shall  be  provided. 

The  Internal  shell  of  the  suit  area  shall  be 
airtight.  A  double  door  autoclave  shall  be 
provided  for  sterilization  of  all  waste  mate¬ 
rials  to  be  removed  from  the  suit  area. 

C.  Shipment.  Novel  recombinant  DNA  when 
contained  in  an  organism  or  vlru\  shall  be 
shipped  in  compliance  with  the  requirements 
Issued  by  the  UH.  Public  Health  Service 
( 5  72.25  of  Part  72.  Title  42,  Code  of  Federal 
Regulations),  Department  of  Transportation 
(§  173  387(b)  of  Part  173,  Title  49,  Code  of 
Federal  Regulations),  and  the  Civil  Aero¬ 
nautics  Board  (C.A.B.  No.  82.  Official  Air 
Transport  Restricted  Articles  Tariff  No.  6-D) 
for  shipment  of  etlologlc  agents  (Appendix 
A). 

The  packaging  and  shipment  of  organisms 
and  viruses  containing  recombinant  DNA 
molecules  shall  be  in  compliance  with  all 
requirements  specified  in  subparagraphs  (1)- 
(5)  of  paragraph  (c).  "Transportation;  etlo¬ 
loglc  agents  subject  to  additional  require¬ 
ments  ”.  of  5  72  25  of  Part  72.  Title  42.  Code 
of  Federal  Regulations.  Subparagraph  (6) 
Of  paragraph  (c)  of  {  72.25  of  Part  72.  Title 
42,  Code  of  Federal  Regulations  shall  apply 
to  the  shipment  of  all  viable  host  and  vector 
organisms  which  require  P4  physical  con¬ 
tainment. 

Additional  information  on  packaging  and 
shipment  is  given  in  Appendix  A. 

D.  Biological  containment — 1.  Levels  of 
bioloaical  containment.  In  considering  bio¬ 
logical  containment,  the  vector  (plasmid  or 
virus)  for  the  recombinant  DNA  and  the 


host  (bacterial,  plant  or  animal  cell)  in 
which  the  vector  is  propagated  in  the  labo¬ 
ratory  will  be  considered  together.  Any  vector 
and  host  which  are  to  provide  biological  con¬ 
tainment  must  be  constructed  so  that  the 
following  types  of  "escape”  are  mlnimlEed; 

Survival  of  the  vector  in  its  host  outside 
of  the  laboratory.  Transmission  of  the  vector 
from  the  propagation  host  to  other  non¬ 
laboratory  hosts. 

The  following  levels  of  biological  contain¬ 
ment  (Host- Vector  Systems)  for  prokaryotes 
will  be  established;  specific  criteria  will  de¬ 
pend  on  the  organism  to  be  used.  Eukaryotic 
host-vector  systems  are  considered  in  Sec¬ 
tion  III. 

a.  HVi.  A  host-vector  system  which  pro¬ 
vides  a  moderate  level  of  containment.  The 
host  should  have  a  low  potential  for  survival 
in  its  natural  environment,  and  the  vector 
should  have  a  low  potential  for  transmission 
of  its  recombinant  DNA. 

Specific  systems — (1)  EKl.  The  host  is 
always  E.  coli  K-12  or  a  derivative  thereof, 
and  the  vectors  include  nonconjugatlve 
plasmids  (e.g.,  pSClOl,  CoiEl,  or  derivatives 
thereof  (15-21))  and  variants  of  bacterio¬ 
phage.  such  as  X  (22-27).  The  E.  coli  K-12 
hosts  should  not  contain  conjugation-pro¬ 
ficient  plasmids,  whether  autonomous  or 
Integrated,  or  generalized  transducing 
phages. 

(2)  Other  prokaryotes.  Hosts  and  vectors 
should  be,  at  a  minimum,  comparable  in 
containment  to  E.  coli  K-12  with  a  non- 
conjugative  plasmid  or  bacteriophage  vector. 
The  data  to  be  considered  and  a  mechanism 
for  approval  of  such  HVI  systems  are  de¬ 
scribed  below  (Section  II,  D.  2  ). 

b.  HV2.  These  are  host-vector  systems 
shown  to  provide  a  high  level  of  biological 
containment  as  demonstrated  by  data  from 
suitable  tests  performed  in  the  laboratory. 
Escape  of  the  recombinant  DNA  either  via 
survival  of  the  organisms  or  via  transmission 
of  recombinant  DNA  to  other  organisms 
should  be  less  than  1/10^  under  specified 
conditions. 

Speciflic  systems — ( 1 )  For  EK2  host-vector 
systems  in  which  the  vector  is  a  plasmid,  no 
more  than  one  in  10*  host  cells  should  be 
able  to  perpetuate  a  cloned  DNA  fragment 
under  the  specified  non-permissive  labora¬ 
tory  conditions  designed  to  represent  the 
natural  environment,  either  by  survival  of 
the  original  host  as  a  consequence  of  trans¬ 
mission  of  the  cloned  DNA  fragment. 

(2)  For  EK2  host- vector  systems  in  which 
the  vector  is  a  phage,  no  more  than  one  in 
10*  phage  particles  should  be  able  to  per¬ 
petuate  a  cloned  DNA  fragment  under  the 
specified  non-permlsslve  laboratory  condi¬ 
tions  designed  to  represent  the  natural 
environment  either  (a)  as  a  prophage  or 
plasmid  in  the  laboratory  host  used  for  phage 
propagation  or  (b)  by  surviving  in  natural 
environments  and  transferring  a  cloned  DNA 
fragment  to  other  hosts  (or  their  resident 
prophages) . 

c.  HV3.  These  are  host-vector  systems  in 
which ; 

(1)  All  HV2  criteria  are  met. 

(2)  The  vector  is  dependent  on  its  propa¬ 
gation  host  or  is  highly  defective  in  mo- 
billzabillty.  Reversion  to  host-independence 
must  be  less  than  I/IO*  per  vector  genome 
per  generation. 

(3)  No  markers  conferring  resistance  to 
antibiotics  conunonly  used  clinically  or  in 
agriculture  are  carried  by  the  vector,  unless 
expression  of  such  markers  is  dependent  on 
the  propagating  host  or  unique  laboratory 
controlled  conditions  or  is  blocked  by  the 
Inserted  DNA. 

(4)  The  specified  containment  shown  by 
laboratory  tests  has  been  Independently  con¬ 
firmed  by  specified  tests  in  animals,  includ¬ 


ing  primates,  and  in  other  relevant  environ¬ 
ments. 

(5)  The  relevant  genotypic  and  pheno¬ 
typic  traits  of  such  HV3  systems  have  been 
Independently  confirmed. 

This  general  description  can  be  applied 
directly  to  the  specific  case  of  an  EX3  system. 

2.  Certification  of  Host-Vector  Systems — 
a.  Responsibility.  Recommendation  to  the 
Director  of  NM  tor  certification  of  HVI  sys¬ 
tems  other  tmm  E.  coli  K-12.  and  HV2  and 
HV3  host-vector  systems,  is  the  responsibil¬ 
ity  of  the  NIH  Recombinant  DNA  Molecule 
Program  Advisory  Committee.  Data  on  con¬ 
struction,  properties,  and  testing  of  pro¬ 
posed  host-vector  systems  will  be  analyzed 
and  reviewed  by  a  subcommittee  composed 
of  one  or  more  members  of  the  NIH  Recom¬ 
binant  DNA  Molecule  Program  Advisory 
Committee  and  other  individuals  chosen  be¬ 
cause  of  their  expertise  in  evaluating  such 
data.  Such  subcommittees  shall  provide  a 
written  report  to  the  NIH  Recombinant  DNA 
Molecule  Program  Advisory  Committee.  The 
Committee  will  evaluate  this  report  and 
any  other  available  information  at  a  regu¬ 
lar  meeting. 

The  NIH  Recombinant  DNA  Molecule  Pro¬ 
gram  Advisory  Committee  can  recommend 
that  a  certification  be  rescinded  at  any  time, 
should  new  data  or  new  considerations  in¬ 
validate  the  previous  decision.  In  such  cases, 
investigators  may  be  asked  to  transfer  their 
cloned  DNA  into  a  different  approved  system. 

Certification  of  a  given  system  does  not 
extend  to  modifications  of  either  the  host 
or  vector  component  of  that  system.  Such 
modified  systems  must  be  independently  ap¬ 
proved.  If  modifications  are  minor,  it  may 
only  be  necessary  for  the  investigator  to  sub¬ 
mit  data  showing  that  the  modifications  have 
either  Improved  or  not  impaired  the  major 
phenotypic  traits  on  which  the  containment 
of  the  system  depends.  More  substantial 
modifications  of  a  certified  system  may 
necessitate  submission  of  complete  testing 
data. 

b.  Data  to  be  submitted  for  certification — 
(1)  HVI  systems  other  than  E.  Coli  K-12. 
The  following  types  of  data  should  be  sub¬ 
mitted,  modified  as  appropriate  for  the  par¬ 
ticular  system  under  consideration; 

(1)  A  description  of  the  organism  and  vec¬ 
tor,  the  strain’s  natural  habitat  and  growth 
requirements;  the  range  of  organisms  with 
which  this  organism  normally  exchanges 
genetic  Intormation  and  what  sort  of  in¬ 
formation  is  exchanged;  any  relevant  in¬ 
formation  on  its  pathogenicity  or  toxicity. 

(11)  A  description  of  the  history  of  the 
particular  strains  and  vectors  to  be  used:  in¬ 
formation  on  any  mutations  which  render 
this  organism  less  able  to  survive  or  trans¬ 
mit  genetic  information. 

(ill)  A  general  description  of  the  range  of 
experiments  contemplated,  with  emphasis  on 
the  need  for  developing  such  an  HVl  system. 

(2)  HV2  systems.  Investigators  planning  to 
request  HV2  certification  for  host-vector  sys¬ 
tems  can  obtain  instructions  from  the  NIH 
Office  of  Recombinant  DNA  Activities  con¬ 
cerning  data  to  be  submitted.  In  general,  the 
following  types  of  data  are  required; 

(1)  Description  of  construction  steps,  with 
indication  of  source,  properties,  and  manner 
of  introduction  of  genetic  traits. 

(ii)  Quantitative  data  on  the  stability  of 
genetic  traits  that  contribute  to  the  contain¬ 
ment  of  the  system. 

(ill)  Data  on  the  survival  of  the  host- 
vector  system  under  non-permlsslve  in  vitro 
conditions  designed  to  represent  the  natural 
environment. 

( Iv)  Data  on  transmlsslblllty  of  the  vector 
and/or  a  cloned  DNA  fraement  under  both 
permissive  and  non-permissive  conditions. 
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(V)  Data  on  all  othar  propertlea  of  the  sya* 
tarn  which  affect  containment  and  utility. 
Including  Information  on  yields  ol  phage  or 
plaamld  molecules,  ease  of  DNA  Isolation, 
and  ease  of  transfection  or  transformation. 

(vl)  In  some  cases,  the  Investigator  may 
be  asked  to  submit  data  on  survival  and  vec. 
tor  transmlsslblllty  from  experiments  In 
which  the  host-vector  Is  fed  to  laboratory 
animals  (e.g.,  rodents).  Such  In  vivo  data 
may  be  required  to  confirm  the  validity  of 
predicting  In  vivo  survival  on  the  basis  of 
In  vitro  experiments. 

Data  must  be  submitted  In  writing  to  the 
Km  Office  of  Recombinant  DNA  Activities. 
Ten  to  twelve  weeks  are  normally  required 
for  review  and  circulation  of  the  data  prior 
to  the  meeting  at  which  such  data  can  be 
considered  by  the  Recombinant  DNA  Mole¬ 
cule  Program  Advisory  Committee.  Investi¬ 
gators  are  encouraged  to  publish  their  data 
on  the  construction,  properties,  and  testing 
of  proposed  HV2  systems  prior  to  considera¬ 
tion  of  the  system  by  the  Nm  Recombinant 
DNA  Molecule  Program  Advisory  Committee 
and  Its  subcommittee. 

(3)  HV3  syatema.  Putative  HV3  systenss 
will,  as  the  first  step  In  certification,  be  cer¬ 
tified  as  RV2  systems.  Systems  which  meet 
erlterla  (1),  (2),  and  (3)  for  HV3  (See  page 
n-34)  will  then  be  recommended  for  HV3 
testing.  Tests  to  evaluate  various  HV2  host- 
vector  systems  for  HV3  certification  will  be 
performed  by  contractors  selected  by  Nm. 
These  contractors  will  repeat  tests  performed 
by  Individuals  proposing  the  HV2  sirstem  and. 
In  addition,  will  conduct  more  extensive  tests 
on  conditions  likely  to  be  encountered  In 
nature.  The  genotypic  and  phenotypic  traits 
of  HV3  systems  will  be  evaluated;  tests  on 
Bwrvlval  and  transmlsslblllty  in  and  on  ani¬ 
mals.  Including  primates,  will  be  performed, 
as  well  as  tests  on  survival  In  certain  speci¬ 
fied  natural  environments. 

3.  Distribution  of  certified  host-vectors. 
Certified  HV3  and  HV3  host-vector  systems 
(plus  appropriate  control  strains)  must  be 
obtained  from  the  Nm  or  Its  deelgneea  one 
of  whom  will  be  the  investigator  who  devel¬ 
oped  the  system.  NIH  shall  announce  the 
availability  of  the  system  by  publication  of 
notices  In  apisroprlate  Journals. 

Plasmid  vectors  will  be  provided  In  a  suit¬ 
able  host  strain,  and  phage  vectors  will 
be  distributed  as  small-volume  lysates. 

If  Nm  propagates  any  of  the  host  strains 
or  phage,  a  sample  will  be  sent  to  the  In¬ 
vestigator  who  developed  the  system  or  to  an 
iq>proprlate  contractor,  prior  to  distribution, 
for  verification  that  the  material  Is  free  from 
contamination  and  unchanged  In  pheno¬ 
typic  properties. 

In  distributing  the  certified  HV2  and  RV3 
host-vector  systems,  NIH  or  its  designee  will 
(1)  send  out  a  complete  description  of  the 
system;  (11)  enumerate  and  describe  the 
tests  to  be  performed  by  the  user  In  order 
to  verify  Important  phenotypic  traits;  (111) 
remind  the  user  that  any  modification  of  the 
system  necessitates  Independent  approval  of 
the  system  by  the  Nm  on  recommendation 
of  the  Recombinant  DNA  Molecule  Program 
Advisory  Committee;  and  (Iv)  remind  the 
user  of  responsibility  for  notifying  the  Nm 
Office  of  Recombinant  DNA  Activities  of 
any  discrepancies  with  the  reported  proper¬ 
ties  or  any  problems  In  the  safe  use  of  the 
system. 

m.  Expeximentai.  Guioeunes 

As  a  general  rule,  the  level  of  containment 
required  for  experiments  with  novel  recom¬ 
binant  DNA  shall  not  be  less  than  that 
required  for  handling  the  most  hazardous 
component,  l.e.,  vector,  host,  or  inserted  DNA. 
Handling  the  purified  DNA  will  require  only 
minimal  precautions. 

The  above  rule  by  itself  effectively  pre¬ 
cludes  certain  experiments — namely,  those  In 


NOTICeS 

which  one  of  the  components  Is  In  Class  6 
of  the  "Classification  of  Etlologlc  Agents 
on  the  Basis  of  Hazard"  (See  Appendix  B), 
as  these  are  excluded  from  the  United  States 
by  law  and  USOA  administrative  policy. 
There  are  additional  experiments  which  are 
not  to  be  performed  at  this  time.  These  are 
considered  prior  to  presentation  of  the  con¬ 
tainment  guidelines  for  permissible  experi¬ 
ments. 

A.  Experiments  that  are  not  to  be  per¬ 
formed.  We  recognize  that  certain  of  the 
recombinants  placed  In  this  category  might 
pose  no  biohazard  and  could  be  adequately 
contained  at  this  time.  Nonetheless,  It  Is 
prudent  to  defer  experiments  on  these  recom¬ 
binant  DNAs  until  there  Is  more  Informa¬ 
tion  to  assess  accurately  the  danger  or  lack 
thereof,  and  to  allow  the  construction  of 
more  effective  biological  barriers.  In  this  re¬ 
spect,  these  Guidelines  probably  are  more 
stringent  than  those  that  ultimately  will  be 
necessary. 

The  following  experiments  are  not  to  be 
Initiated  at  the  present  time:  (1)  Cloning  of 
recombinant  DNAs  derived  from  the  patho¬ 
genic  organisms  in  Classes  3,  4,  and  5  of  the 
"Classification  of  Etlologlc  Agents  on  the 
Basis  of  Hazard"  (See  Appendix  B),  or  onco¬ 
genic  viruses  classified  by  NCI  as  moderate 
risk  (See  Appendix  B),  or  cells  known  to  be 
Infected  with  such  agents,  regardless  of  the 
host- vector  system  used.  (11)  Deliberate  for¬ 
mation  of  recombinant  DNAs  containing 
genes  for  the  biosynthesis  of  potent  toxins 
(eg;.,  botullnum  or  diphtheria  toxins; 
venoms  from  insects,  snakes,  etc.),  (ill)  De¬ 
liberate  creation  by  the  use  of  recombinant 
DNA  of  a  plant  pathogen  with  Increased 
virulence  and  host  range  beyond  that  which 
occurs  by  natural  genetic  enebange.  (Iv)  De¬ 
liberate  release  Into  the  environment  of  any 
organism  containing  novel  recombinant 
DNA.  (V)  Transfer  of  a  drug  resistance  trait 
to  microorganisms  that  are  not  known  to  ac¬ 
quire  It  naturally  If  such  acquisition  could 
compromise  the  use  of  a  drug  to  control 
disease  agents  In  human  or  veterinary  medi¬ 
cine  or  agriculture,  (vl)  Large-scale  experi¬ 
ments  (eg;.,  more  than  10  liters  of  culture) 
with  organisms  containing  novel  recombi¬ 
nant  DNAs,  unless  the  recombinant  DNAs 
are  rigorously  characterized  and  are  shown 
to  be  free  of  harmful  genes. 3  We  differentiate 
between  small-  and  large-scale  experiments 
with  organisms  containing  recombinant 
DNAs  because  the  probability  of  escape  from 
containment  barriers  normally  Increases  with 
increasing  scale. 

Specific  experiments  In  these  categories 
may  be  excepted  from  these  rules:  Provided, 
That  these  experiments  are  expressly  ap¬ 
proved  by  the  Director.  NIH.  on  reconunen- 
datlon  of  the  Recombinant  DNA  Molecule 
Program  Advisory  Committee.  In  making 
such  exceptions,  weight  will  be  given  both  to 
scientific  and  societal  benefits  and  to  poten¬ 
tial  risks. 

B.  Containment  Ouidelines  For  Permis¬ 
sible  Experiments. — 1.  Classification  Of  Ex¬ 
periments  Using  The  E.  coM  K~12  Host-Vec¬ 
tor  Systems. — Most  recombinant  DNA  ex¬ 
periments  currently  being  done  employ  E. 
coli  K-12  host-vector  systems.  These  are  also 
the  systems  iar  which  we  have  the  most  ex¬ 
perience  and  knowledge  (1)  regarding  the 
effectiveness  of  biological  containment  pro¬ 
vided  by  existing  hosts  and  vectors,  and  (11) 
necessary  for  the  construction  of  more  effec¬ 
tive  biological  barriers. 

Wo  therefore  consider  DNA  recombinants 
In  E.  coli  K-12  before  proceeding  to  other 
host-vector  systems. 

It  has  been  necessary,  throughout  this  sec¬ 
tion,  to  use  wn^  and  phrases  such  as  "puri¬ 
fied"  or  "rigorously  characterized."  In  the 
text  such  terms  are  marked  with  footnote 
reference  numbers.  These  footnotes  (Section 
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V)  define  more  fully  what  Is  intended  by  the 
lue  of  these  terms. 

In  the  following  classification  of  contain¬ 
ment  criteria  for  different  kinds  of  novel 
recombinant  DNAs.  the  stated  levels  of  phys¬ 
ical  and  biological  containment  are  mini¬ 
mum  levels.  The  use  of  higher  levels  of  bio¬ 
logical  containment  ( BK3>EK3>EK1 )  Is  en¬ 
couraged  If  they  are  available  and  are  equally 
appropriate  for  the  purposes  of  the  experi¬ 
ment. 

a.  Shotgun  experiments.  These  experl- 
noents  Involve  the  production  of  novel  re¬ 
combinant  DNAs  between  the  vector  and 
portions  of  the  total  DNA  or  (preferably) 
any  partially  purified  fraction  thereof  from 
the  specified  cellular  source.  Care  should  be 
taken  either  to  preclude  or  eliminate  con¬ 
taminating  microorganisms  before  isolation 
of  the  DNA. 

(1)  Eukaryotic  DNA  Recombinants. — (a) 
Primates.  P3  physical  contalnInent-^an 
EK2  host-vector  for  DNA  from  uninfected 
(l.e.,  not  productively  Infected)  cells;  other¬ 
wise.  P4-^EK1  or  P3-f  EK3  must  be  used. 

(b)  Other  mammals.  P2  physical  con¬ 
tainment  .i-an  EK2  host-vector. 

(c)  Birds.  P2  physical  containment 4^  an 
EK2  host-vector. 

(d)  Cold-Blooded  Vertebrates.  P2  physi¬ 
cal  containment -- an  EK2  host-vector  or 
P3 -EKl,  except  for  uncontaminated  em¬ 
bryonic  or  germllne  DNA  from  laboratory- 
reared  animals  which  requires  P2-t-EKl  or 
Pl-rEK2.  If  the  eukaryote  Is  known  to  pro¬ 
duce  a  potent  polypeptide  toxin,*  the  con¬ 
tainment  shall  be  Increased  to  P3  --EK2. 

(e)  Other  Cold-Blooded  Animals  And 
Loveer  Eukaryotes.  This  large  class  of 
eukaryotes  Is  divided  Into  two  groups: 

1.  Species  that  are  known  So  produce  a 
potent  polypeptide  toxin  *  for  vertebrates,  or 
are  known  patliogens  listed  In  Class  2  (See 
Appendix  B),  or  are  known  to  carry  such 
pathogens  must  use  P3  physical  contain - 
ment-f-an  EK2  host- vector.  When  the  potent 
toxin  is  not  polypeptide  and  is  likely  not  to 
be  the  product  of  closely  linked  eukaryote 
genes,  containment  may  be  reduced  to  P3-i- 
EKl  or  P2  +  EK2.  Species  that  produce  potent 
toxins  that  affect  Invertebrates  or  plants: 
P2-I-EK2  or  P3-^EK1. 

Any  species  that  has  a  demonstrated  capac¬ 
ity  for  carrying  particular  pathogenic  micro¬ 
organisms  Is  Included  in  this  group  unless 
It  has  been  shown  that  those  orgsmlsms  used 
as  the  source  of  DNA  do  not  contain  these 
agents;  In  this  case  they  may  be  placed  In 
the  following  group. 

2.  The  remainder  of  the  species  In  this 
class:  P2-hEKl  or  P1  +  EK2.  However,  any 
Insect  In  this  group  mxist  be  either  (1)  grown 
under  laboratory  conditions  for  at  least  10 
generations  prior  to  Its  use  as  a  source  of 
DNA.  or  (11)  If  caught  In  the  wild,  must  be 
shown  to  be  free  of  disease-causing  micro¬ 
organisms  or  must  belong  to  a  species  that 
does  not  carry  microorganisms  causing  dis¬ 
ease  In  vertebrates  or  plants.  If  these  con¬ 
ditions  cannot  be  met,  experiments  must  be 
done  under  P3-t-EKl  or  P2-rEK2  contain¬ 
ment. 

(f)  Plants.  P2  physical  containment  an 
EKl  host- vector  or  Pl-fEK2.  If  the  plant 
source  carries  a  known  pathogenic  micro¬ 
organism  or  makes  a  potent  polypeptide  tox¬ 
in.*  the  containment  must  be  raised  to  P3 
physical  containment  -f  an  EK2  host-vector. 
When  the  potent  toxin  Is  not  polypeptide  and 
Is  likely  not  to  be  the  product  of  closely 
linked  eukaryote  genes,  containment  may  be 
reduced  to  P3-I-EK1  or  P2-f-EK2. 

(g)  Cloning  of  viral  genomes  from  eukary¬ 
otic  cell  DNA.  Efforts  to  Isolate  and  amplify 
any  part  or  all  of  an  endogenous  Retrovirus 
genome,  or  nucleotide  sequences  Identified  by 
their  homology  with  a  known  Retrovirus  ge¬ 
nome,  shall  be  carried  out  according  to  the 
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specifications  for  Retroviruses  In  Section  b. 
Similar  considerations  apply  to  attempts  to 
clone  viral  genomes  from  exogenously  In¬ 
fected  cells;  containment  conditions  are  those 
for  the  viral  genome  In  question,  as  defined 
In  Section  b. 

(2)  Prokaryotic  DNA  recombinants.  The 
minimum  containment  conditions  consist  of 
P2  physical  containment + an  EKl  host-vec¬ 
tor  or  Pl-f-EK2  and  apply  when  the  DNA  Is 
from  those  bacteria  that  have  been  exten¬ 
sively  characterized  as  to  the  physiological, 
biochemical,  and/or  genetic  properties  and 
when  the  risk  that  the  recombinant  DNAs 
will  Increase  the  pathogenicity  or  ecological 
potential  of  the  host  Is  Judged  to  be  minimal. 
A  description  of  the  relevant  properties  of 
organisms  which  may  meet  these  criteria 
should  be  submitted  to  the  Office  of  Recom¬ 
binant  DNA  Activities.  NIH.  for  approval  of 
this  minimal  containment  level  by  the  Di¬ 
rector.  NIH.  on  the  recommendation  of  the 
Recombinant  DNA  Molecule  Program  Advis¬ 
ory  Committee. 

Experiments  with  DNAs  from  bacteria  that 
are  not  extensively  characterized  require  P2 
physical  containment  +  an  EK2  host-vector  or 
P3  +  EK1.  Experiments  with  DNAs  from  path¬ 
ogenic  Sf>ecle6  (Class  2  and  plant  pathogens. 
See  Appendix  B)  must  use  N-f-EK2. 

b.  Plasmids,  bacteriophages,  and  other 
viruses.  Recombinants  formed  between  a 
vector  and  some  other  plasmid  or  virus  DNA 
have  in  common  the  potential  for  acting 
as  double  vectors  because  of  the  replica¬ 
tion  functions  In  these  DNAs.  The  con¬ 
tainment  conditions  given  below  apply  only 
to  propagation  of  the  DNA  recomblants  In 
E.  colt  K-12  hosts.  They  do  not  apply  to 
other  hosts  in  which  the  recombinants  may 
be  able  to  r^llcate  as  a  result  of  functions 
provided  by  the  DNA  Inserted  Into  the  EK 
vectors.  These  are  considered  under  other 
host-vector  systems. 

(1)  Viruses  of  eukaryotes.^— (a)  Viruses 
Of  Warm-Blooded  Vertebrates — 1.  DNA  Vi¬ 
ruses  And  DNA  Transcripts  Of  Retrovirus 
Genomes.  P4  physical  containment  +  an  EKl 
host- vector  or  P3  +  EK3  shall  be  used  for 
DNA  recombinants  produced  with  the  whole 
genome  or  In  shotgun  type  experiments  with 
unpurlfied  segments  thereof. 

Containment  can  be  reduced  to  P3  +  EK2 
for  clones  shown  to  contain  less  than  the 
complete  potentially  Infectious  viral  genome, 
or  for  cloning  purified  •  subgenomic  seg¬ 
ments.  However.  In  both  cases,  if  the 
cloned  segment  contains  any  portion  of  a 
viral  gene  region  that  Is  known  or  sus¬ 
pected  to  be  responsible  for  neoplastic  trems- 
formation.  that  portion  must  not  be  large 
enough  to  code  for  a  functional  polypep¬ 
tide. 

2.  DNA  Transcripts  Of  Other  RNA  Virus 
Genomes.  In  the  case  of  RNA  viruses  with 
non-segmented  genomes,  containment  con¬ 
ditions  are  as  outlined  In  the  preceding  Sec¬ 
tion. 

In  the  case  of  RNA  viruses  with  segmented 
genomes,  the  virtual  impossibility  of  syn¬ 
thesizing  a  single  DNA  molecule  contain¬ 
ing  the  entire  viral  genetic  information  from 
the  extracted  RNA  permits  a  lower  level 
of  containment  for  shotgun  typ>e  experi¬ 
ments.  P3  physical  containment  +  an  EK2 
host- vector  may  be  used. 

(b)  Viruses  Of  Cold-Blooded  Vertebrates. — 
I.  DNA  Viruses  And  DNA  Transcripts  Of  Ret¬ 
rovirus  Genomes.  P4  physical  containment 
+  an  EKl  hostvector  or  P34-EK2  shall  be 
used  for  DNA  recombinants  produced  with 
the  whole  genome  or  in  shotgun  t3rpe  ex¬ 
periments  with  unpurlfied  segments  thereof. 

Containment  can  be  reduced  to  P2  +  EK2 
for  clones  shown  to  contain  less  than  the 
complete,  potentially  Infectious  viral  genome 
or  for  cloning  purified*  subgenomic  seg¬ 
ments,  flowever,  in  both  cases.  If  the  cloned 


segment  contains  any  portion  of  a  viral 
gene  region  that  is  known  or  suspected  to 
be  responsible  for  neoplastic  transformation, 
that  portion  must  not  be  large  enough  to 
code  for  a  functional  pol^'peptlde. 

2.  DNA  transcripts  of  other  RNA  virus 
genomes.  In  the  case  of  RNA  viruses  with 
non-segmented  genomes,  containment  con¬ 
ditions  are  as  outlined  in  the  preceding 
Section.  In' the  case  of  RNA  viruses  with  seg¬ 
mented  genomes,  the  virtual  Impossibility  of 
synthesizing  a  single  DNA  molecule  contain¬ 
ing  the  entire  viral  genetic  Information  from 
the  extracted  RNA  permits  a  lower  level  of 
containment  for  shotgun  type  experiments. 
P2  physical  containment  4.  an  EK2  host- 
vector  may  be  used. 

(c)  Viruses  of  iniertebrates  and  proto¬ 
zoa. — I.  Baculoviruses  which  have  been  regis¬ 
tered  by  the  Environmental  Protection 
Agency  as  pesticides.'  For  cloning  all  or  part 
of  the  viral  genome:  PI  physical  contain¬ 
ment  +  an  EK2  host-vectM'  or  P2  +  EKl. 

2.  Other  viruses.  Same  containment  levels 
as  for  viruses  of  cold-blooded  vertebrates. 

(d)  Viruses  of  plants.  P3  physical  con¬ 
tainment  +  an  EKl  host-vector  or  P2-f-EK2 
conditions  shall  be  u.sed  to  form  DNA  re¬ 
combinants  that  include  all  or  part  of  the 
genome  of  a  plant  virus. 

(2)  Eukaryotic  organelle  DNAs.  The  con¬ 
tainment  conditions  given  below  apply  only 
when  the  organelle  DNA  has  been  purified* 
from  Isolated  organelles.  Mitochondrial  DNA 
from  primates :  P3  physical  containment  -i  an 
EKl  host-vector  or  P2  +  EK2.  Mitochondrial 
or  chloroplast  DNA  from  other  eukaryotes: 
P2  4  EKl.  Otherwise,  the  conditions  given 
under  shotgun  experiments  apply. 

(3)  Prokaryotic  plasmid  and  phage  DNAs. 
The  containment  levels  required  for  shotgun 
experiments  with  DNA  from  prokaryotes 
apply  to  their  plasmids  or  phages. 

c.  Lowering  of  containment  levels  for 
characterized  or  purified  DNA  preparations 
and  clones.  Many  of  the  risks  which  might 
conceivably  arise  from  some  types  of  recom¬ 
binant  DNA  experiments,  particularly  shot¬ 
gun  experiments,  would  result  from  the 
inadvertent  cloning  of  a  harmful  sequence. 
Therefore.  In  cases  where  the  risk  of  inad¬ 
vertently  cloning  the  “wrong”  DNA  Is  re¬ 
duced  by  prior  enrichment  for  the  desired 
piece,  or  In  which  a  clone,  made  from  a  ran¬ 
dom  assortment  of  DNAs.  has  been  purified 
and  the  absence  of  harmful  sequences  estab¬ 
lished.  the  containment  conditions  for  fur¬ 
ther  work  may  be  reduced.' The  following 
section  outlines  the  mechanisms  for  such 
reductions. 

(1)  Purified  DNA  other  than  plasmids, 
bacteriophages,  and  other  viruses.  The  for¬ 
mation  of  DNA  recombinants  from  cellular 
DNAs  that  have  been  purified*  by  physical 
and  chemical  techniques  and  which  are  free 
of  harmful  genes  can  be  carried  out  under 
lower  containment  conditions  than  used  for 
the  corresponding  shotgun  experiment.*  In 
general,  the  containment  may  be  decreased 
one  step  In  physical  containment  (IH-»P3-» 
P3->P1)  while  maintaining  the  biological 
containment  specified  for  the  shotgun  ex¬ 
periment.  or  one  step  in  biological  contain¬ 
ment  (EK3-^EK2->EK1)  while  maintaining 
the  specified  phjrslcal  containment — pro¬ 
vided  that  the  new  containment  condition  Is 
not  less  than  that  specified  below  for  char¬ 
acterized  clones  from  shotgun  experiments. 

The  Institutional  biohazards  committee 
(IBC)  may  approve  such  a  reduction.  The 
IBC  must  notl^  the  Office  of  Recombinant 
DNA  Activities  (ORDA)  In  writing  of  all  such 
actions. 

(2)  Characterized  clones  of  DNA  recombi¬ 
nants.  When  a  cloned  DNA  recombinant  has 
been  rigorously  characterized  and  there  Is 
sufficient  evidence  that  It  Is  free  of  harmful 
genes.*  experiments  Involving  this  recombi¬ 


nant  DNA  may  be  carried  out  under  lower 
containment  conditions. 

(a)  Institutional  biohazards  committees 
(IBCs)  may  give  approval  for  a  single  step 
reduction  in  physical  or  biological  contain¬ 
ment  on  receipt  of  evidence  of  characteriza¬ 
tion  of  the  clone  and  its  probable  freedom 
from  harmful  genes.  The  IBC  must  notify 
the  Office  of  Recombinant  DNA  Activities 
(ORDA)  In  writing  of  all  such  actions. 

(b)  Reduction  of  containment  levels  by 
more  than  one  step  will  require  prior  ap¬ 
proval  by  ORDA. 

2.  Experiments  with  other  prokaryotic 
host-vectors.  Host-vector  systems  which 
have  been  approved  as  HVl  systems  may  be 
used  under  P2  containment  conditions  for 
shotgun  experiments  with  phages,  plasmids, 
and  prokaryotic  DNA  from  non-pathogenlc 
prokaryotes  which  do  not  produce  polypep¬ 
tide  toxins*  (l.e..  organisms  which  can  be 
cloned  into  EKl  hosts  under  P2  conditions) . 

Other  classes  of  recombinant  DNA  experi¬ 
ments  with  these  HVl  systems  will  require 
prior  approval  and  classification  by  NIH. 
Experiments  with  DNAs  from  eukaryotes 
(and  their  plasmids  or  viruses)  will  gener¬ 
ally  follow  the  criteria  for  the  correspond¬ 
ing  experiments  with  E.  coli  K-12  host- 
vectors  if  the  major  habitats  of  the  given 
host-vector  overlap  those  of  E.  coli.  The 
habitats  of  other  hast-vector  systems  should 
also  be  considered  in  relation  to  contain¬ 
ment. 

3.  Experiments  with  eukaryotic  host- 
vectors. — a.  Vertebrate  host-vector  systems. 
Because  this  work  will  be  done  almost  ex¬ 
clusively  In  tissue  culture  cells,  which  have 
no  capacity  for  propagation  outside  the  labo¬ 
ratory.  the  primary  focus  for  containment 
is  the  vector.  Given  good  microbiological 
practices,  the  most  likely  mode  of  escape 
of  recombinant  DNAs  from  a  physically  con¬ 
tained  laboratory  is  carriage  by  humans; 
thus  vectors  that  have  little  or  no  ability 
to  replicate  in  human  cells  should  be  chosen. 
Also,  a  recombinant  virus  should  not  Inad¬ 
vertently  pose  a  threat  to  any  species.  Prior 
to  Its  use  as  a  vector  In  a  vertebrate  host 
cell  system,  a  DNA  molecule  needs  to  display 
the  following  properties; 

(I)  It  shall  not  consist  of  the  whole 
genome  of  any  agent  that  Is  Infectious  for 
humans  or  that  replicates  to  a  significant 
extent  In  human  cells  In  tissue  culture.  If 
the  recombinant  molecule  Is  used  to  trans¬ 
form  nonpermlssive  cells  (l.e..  cells  which 
do  not  produce  Infectious  virus  particles), 
this  Is  not  a  requirement. 

(II)  If  the  DNA  Is  of  viral  origin,  the  virus 
should  not  exhibit  significant  pathogenicity 
In  Its  natural  biology,  and  the  range  of  spe¬ 
cies  In  which  the  virus  replicates  efficiently 
should  be  narrow. 

(III)  Its  functional  anatomy  shall  be 
known — that  Is.  there  should  be  a  clear  Idea 
of  the  location  within  the  molecule  of: 

(a)  The  sites  at  which  DNA  synthesis 
originates  and  terminates. 

(b)  The  sites  that  are  cleaved  by  restric¬ 
tion  endonucleases. 

(c)  The  template  regions  for  the  major 
gene  products. 

(Iv)  It  must  be  defective  when  carrying 
an  Inserted  DNA  segment;  that  Is.  propaga¬ 
tion  of  the  recombinant  DNA  as  a  virus  must 
be  dependent  upon  the  presence  of  a  com¬ 
plementing  helper  genome.  Subject  to  the 
limitation  In  (1)  above.  It  Is  not  required 
In  all  cases  that  the  recombinant  be  derived 
from  a  defective  vector  molecule;  defective¬ 
ness  resulting  from  Inactivation  of  an  essen¬ 
tial  gene  by  the  Inserted  DNA  sequence  Is 
sufficient.  If  possible,  the  helper  should 
either:  (a)  be  Integrated  Into  the  genome 
of  a  stable  line  of  host  cells  (a  situation  that 
would  effectively  limit  the  growth  of  the  vec¬ 
tor  to  that  particular  cell  line),  or  (b)  con- 


FEOERAL  REGISTER,  VOL.  42,  NO.  1 87— TUESDAY,  SEPTEMBER  27,  1977 


NOTICES 


49603 


stst  of  a  defective  genome  or  an  appropriate 
conditional  lethal  mutant  virus,  making  vec> 
tor  and  helper  dependent  upon  each  other 
for  propagation.  However,  this  Is  not  a  re¬ 
quirement. 

In  the  case  of  very  short  insertions,  1.#., 
of  less  than  50  base  pairs.  It  Is  not  necessary 
that  the  recombinant  be  defective.  However, 
three  requirements  must  be  met.  First,  the 
Inserted  sequence  must  be  either  (a)  a  prod¬ 
uct  of  In  vitro  synthesis;  or  (b)  a  sequence, 
or  segment  of  a  sequence,  which  has  been 
purified  *  by  chemical  means  or  by  cloning, 
and  which  does  not  code  for  a  toxic  product. 
Second,  It  must  not  be  of  viral  origin.  Third, 
It  must  be  confirmed  that  the  virus  contain¬ 
ing  the  Inserted  segment  has  not  Increased 
In  Its  ability  to  replicate  In  human  cells  In 
tissue  culture. 

Currently  the  only  vertebrate  viral  DNAs 
that  can  be  considered  as  meeting  these  re¬ 
quirements  are  the  genomes  of  polyoma  vi¬ 
rus,  8V40,  and  Adenovirus  types  2  and  5. 

(1)  Polyoma  virus,  (a)  Defective  or  Intact 
polyoma  virus  genomes,  with  appropriate 
helper.  If  necessary,  can  be  used  In  P3  con¬ 
ditions  to  propagate  DNA  sequences  from: 

Bacteria  of  Class  1  or  Class  2  (See  Appen¬ 
dix  B),  or  their  phages  or  plasmids,  except 
for  species  of  bacteria  that  produce  potent 
polypeptide  toxins  * 

Eukaryotic  organisms  that  do  not  produce 
potent  polypeptide  toxins.*  Whenever  there 
Is  a  choice.  It  Is  urged  that  mouse  cells,  de¬ 
rived  preferably  from  embroyos.  be  used'  as 
the  source  of  eukaryotic  DNA.  Polyoma  virus 
Is  a  mouse  virus  and  recombinant  DNA 
molecules  containing  both  viral  and  cellular 
sequences  are  already  known  to  be  present 
In  virus  stocks  grown  at  a  high  multiplicity. 
Thus,  recombinants  formed  In  vitro  between 
polyoma  vims  DNA  and  mouse  DNA  are  pre¬ 
sumably  not  novel  from  an  evolutionary 
point  of  view. 

(b)  Polyoma  genomes  that  are  xmcondl- 
tlonally  defective  by  virtue  of  a  deletion  In 
an  essential  gene  region  may  be  used,  with 
appropriate  helper.  In  P3  conditions  to  prop¬ 
agate,  in  mouse  cell  cultures,  subgenomlc 
segments  of  Class  1  or  Class  2  viruses  (See 
Appendix  B)  which  do  not  replicate  In 
mouse  cells:  Provided,  That  It  la  clear  from 
the  nature  of  the  DNA  segments  to  be  cocn- 
blned  that  there  is  no  mechanism  whereby 
a  nondefective  virus  could  be  generated.  Viral 
DNA  preparations  used  for  ligation  should 
contain  less  than  1  %  contamination  with  in¬ 
tact  genomes. 

It  must  be  verified  that  the  defective- 
vlrus/helper-vlms  system  has  not  been  al¬ 
tered  by  the  Inserted  DNA  so  as  to  replicate 
In  human  tissue  culture  cells. 

(2)  SV40  and  adenovirus  types  2  and  5.  (a) 
Genomes  of  SV40  and  Ad.  2  and  5  which  are 
unconditionally  defective  by  virtue  of  a  dele¬ 
tion  In  an  essential  gene  region  may  be  used, 
with  helper,  as  vectors  for  DNA  molecules 
of  the  types  listed  under  Polyoma  virus  (See 
(1)  above).  P4  conditions  are  required.  Viral 
DNA  preparations  used  for  ligation  should 
contain  less  than  1%  contamination  with 
intact  genomes. 

(b)  Such  experiments  may  be  carried  out 
in  P3  conditions  If  the  Inserted  DNA  segment 
Is  (1)  a  purified*  segment  of  prokaryotic 
DNA  lacking  toxigenic  genes,  or  (11)  a  seg¬ 
ment  of  eukaryotic  DNA  whose  gene  product 
has  been  Identified,  which  does  not  code  for 
a  toxic  product,  and  which  has  been  previ¬ 
ously  cloned  In  a  prokaryotic  host-vector  sys¬ 
tem.  or  In  P4  conditions  as  In  (a),  above. 
In  the  case  of  SV40,  If  helper  is  used.  It  shall 
be  confirmed  that  the  defectlve-vlnis/helper- 
vlrxis  system  does  not  reproduce  significantly 
more  viral  DNA  or  progeny  virus  In  human 
cells  In  tissue  culture  than  does  SV40,  fol¬ 
lowing  Infection  at  a  multiplicity  of  Infec¬ 
tion  of  one  or  more  helper  SV40  viruses  per 


cell;  P3  conditions  may  be  used  for  this 
testing. 

(c)  A  viral  DNA  molecule  which  Is  uncon¬ 
ditionally  defective  by  virtue  of  a  deletion 
In  the  capsid  genes  and  which  is  capable  of 
autonomous  replication  (analogous  to  a 
plasmid)  can  be  used  as  a  vector  for  pro¬ 
pagating  DNA  from  Claes  1  agents  (See  Ap¬ 
pendix  B)  In  established  cell  lines.  P3  con¬ 
ditions  can  be  used  for  shotgun  type  experi¬ 
ments:  Provided,  That  the  vector  Is  known 
to  be  free  of  the  complete  viral  genome  by 
virtue  of  having  been  propagated  serially  In 
Its  absence.  Otherwise,  P4  containment  con¬ 
ditions  must  be  used. 

(d)  Recombinant  DNA  molecules  consist¬ 
ing  of  SV40  or  Ad.  2  or  5  DNA  plus  subgenom¬ 
lc  sequences  from  eukaryotic  organisms  or 
Class  1  or  Class  2  agents  (See  Appendix  B) 
may  be  used  to  transfcrm  nonpermisslve 
celts  under  P3  conditions.  The  recombinant 
molecule  must  be  defective,  and  It  must  be 
demonstrated  that  no  Infectious  virus  par¬ 
ticles  are  being  produced;  rescue  of  SV40 
from  such  transformed  cells  by  co-cultlva- 
tlon  or  transfection  techniques  must  be  car¬ 
ried  out  In  P4  conditions. 

b.  Invertebrate  host-vector  systems:  Pesti¬ 
cide  baculoviruses.  Baculovlruses  which  have 
been  registered  by  the  Environmental  Pro¬ 
tection  Agency  for  commercial  dissemination 
as  biological  pesticides  have  been  suggested 
for  use  as  cloning  vectors.  Two  viruses  are 
presently  registered,  the  Heliothis  zea  bacu- 
lovlrus  for  control  of  the  cotton  boUworm 
and  tobacco  budworm,  and  the  Orygia 
pseudotsugata  baculovlrus  for  control  of  the 
Douglas-fir  tussock  moth.’  These  viruses 
have  a  host  range  which  is  restricted  to  their 
natural  host(s),  which  are  serious  insect 
pests;  they  have  been  extensively  tested  for 
pathogenicity  for  many  species  of  vertebrates 
and  Invertebrates,  with  completely  negative 
results  (28);  they  replicate  best  and  cause 
natural  disease  only  In  the  larval  stage  of  the 
Insect,  thus  simplifying  containment;  they 
have  no  taxonomic  relatives  among  viruses 
of  vertebrates;  and  tissue  culture  systems  are 
available.  From  available  data,  these  proper¬ 
ties  appear  to  offer  great  safety  features. 
However,  much  still  needs  to  be  learned.  Par¬ 
ticularly  needed  Is  Information  on  the  na¬ 
ture  of  the  host  range  specificity,  and  on  the 
Infectlvlty  and  persistence  of  the  viral  DNA 
in  vertebrate  and  Invertebrate  cell  cultures. 

When  such  background  Information  Is 
available,  and  If  It  confirms  the  narrow  host 
range  specificity,  a  baculovlrus  vector  may 
be  used  for  cloning  DNA  segments  derived 
from  the  host  Insect,  from  another  Environ¬ 
mental  Protection  Agency  registered  baculo¬ 
vlrus.  or  from  an  EKl  bacterium  using  P2 
physical  containment.  During  the  explora¬ 
tory  phases  of  this  work  it  Is  not  envisioned 
that  the  cloning  of  other  classes  of  DNA 
will  need  to  be  studied. 

c.  Plant  host-vector  systems.  For  cells  In 
tissue  cultures,  seedlings,  plant  parts  (e  g., 
tubers,  stems,  fruits,  and  detached  leaves) 
or  whole  mature  plants  of  small  species  (e  g., 
Arabidopsis)  the  descriptions  of  P1-P4  ph3rs- 
ical  containment  conditions  that  have  been 
previously  specified  are  adequate.  However, 
work  with  most  whole  plants  pose  additional 
problenas.  The  greenhouse  facilities  approxi¬ 
mating  P2  laboratory  physical  containment 
conditions  can  be  provided  by:  (1)  Insect- 
proof  greenhouses.  (11)  appropriate  steriliza¬ 
tion  of  contaminated  plants,  pots,  soil,  and 
nm-off  water,  and  (ill)  adoption  of  the 
other  standard  practices  for  microbiological 
work.  P3  physical  containment  can  be  suffi¬ 
ciently  approximated  by  confining  the  oper¬ 
ations  with  whole  plants  to  growth  chambers 
like  those  used  for  work  with  radioactive  Iso¬ 
topes.  provided  that  (1)  such  chambers  are 
modified  to  produce  a  negative  pressure  en¬ 
vironment  with  the  exhaust  air  appropriately 


filtered,  (U)  other  operations  with  Infectious 
materials  are  carried  out  under  the  specified 
P3  conditions,  and  (111)  growth  chambers 
are  routinely  fumigated  and  only  used  In  In¬ 
sect-proof  rooms  In  order  to  guard  against 
Inadvertent  Insect  transmission  of  recom- 
bjnant  DNA.  1110  P2  and  P3  conditions  speci¬ 
fied  earlier  are  therefore  extended  to  Include 
these  cases  for  work  on  higher  plants. 

Whole  plants  or  plant  parts  that  cannot 
be  adequately  contained  shall  not  be  used  as 
hosts  for  recombinant  DNA  experiments  at 
this  time. 

Organelle  or  plasmid  DNAs  or  DNAs  of  vi¬ 
ruses  of  restricted  host  range  may  be  used 
as  vectors.  In  general,  criteria  for  selecting 
viruses  similar  to  those  given  In  the  preced¬ 
ing  section  on  animal  systems  are  to  apply 
to  plant  systems. 

DNA  recombinants  formed  between  the 
Initial  moderately  contained  vectors,  and 
DNA  from  cells  of  species  In  which  the  vec¬ 
tor  DNA  can  replicate,  require  P2  physical 
containment.  However,  If  the  source  of  the 
DNA  Is  Itself  pathogenic  or  known  to  carry 
pathogenic  agents,  or  to  produce  products 
dangerous  to  plants,  or  if  the  vector  Is  an 
unmodified  virus,  the  experiments  shall  be 
carried  out  under  P3  condltiotis. 

Experiments  on  recombinant  DNAs  formed 
between  the  above  vectors  and  DNAs  from 
other  species  may  also  be  carried  out  under 
P2  containment  if  that  DNA  has  been  puri¬ 
fied*  and  determined  not  to  contain  harm¬ 
ful  genes.  Otherwise,  the  experiments  shall 
be  carried  out  under  P3  conditions  If  the 
source  of  the  Inserted  DNA  Is  not  Itself  a 
pathogen,  or  "known  to  carry  such  patho¬ 
genic  agents,  or  to  produce  harmful  prod¬ 
ucts — and  under  P4  condltons  If  these  con¬ 
ditions  are  not  met. 

The  development  and  use  af  host-vector 
systems  that  exhibit  a  high  level  of  bio¬ 
logical  containment,  such  as  those  using 
protoplasts  or  undifferentiated  cells  In  cul¬ 
ture,  permit  a  decrease  of  one  step  In 
the  physical  containment  specified  above 
(P4-^P3-*P2-^P1). 

d.  Fungal  or  similar  lower  eukaryotic  host- 
vector  systems.  The  Containment  criteria  for 
experiments  on  recombinant  DNAs  using 
these  host-vectors  mest  closely  resemble 
those  for  prokaryotes,  rather  than  those  for 
the  preceding  eukaryotes,  since  the  host  cells 
usually  exhibit  a  capacity  for  dissemination 
outside  the  laboratory  that  Is  similar  to 
that  for  bacteria.  Therefore,  the  contain¬ 
ment  guidelines  given  for  experiments  with 
prokaryotic  host-vectors  (Sections  III  B-1 
and  -2)  provide  adequate  direction  for  ex¬ 
periments  with  these  lower  eukaryotic  host- 
vectors.  This  Is  particularly  true  at  this 
time  since  the  development  of  these  host- 
vectors  Is  presently  In  the  speculative  stage. 

4.  Complementary  DNAs.  Where  applicable, 
cDNAs  (l.e.,  complementary  DNAs)  synthe¬ 
sized  In  vitro  from  cellular  or  viral  RNAs 
are  included  within  each  of  the  above  clas¬ 
sifications.  For  example,  cDNAs  formed  from 
cellular  RNAs  that  are  not  purified  and 
characterized  are  included  under  B.l.a., 
shotgun  experiments;  cDNAs  formed  from 
viral  RNAs  are  Included  under  B.l.b;  cDNAs 
formed  from  purified  and  characterized 
RNAs  are  Included  under  B.l.c.;  etc.  Due 
to  the  possibility  of  nucleic  acid  contamina¬ 
tion  of  enzyme  preparations  Used  In  the 
preparation  of  cDNAs,  the  Investigator  must 
employ  purified  enzyme  preparations  that 
are  free  of  viral  nucleic  acid. 

5.  Handling  recombinant  DNA  mole¬ 
cules.  Preparations  of  recombinant  DNA 
molecules  which  do  not  contain  viable  or¬ 
ganisms  should  be  handled  with  good  micro¬ 
biological  techniques  equivalent  to  those 
used  In  a  PI  laboratory.  All  recombinant 
DNAs  should,  however,  be  Inactivated  prior 
to  disposal. 
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NOTICES 


IV.  Roles  and  RESPONsniLmEs 

Ssfety  In  research  Involving  recombinant 
DNA  molecules  depends  upon  how  the  re¬ 
search  team  applies  these  guidelines.  Moti¬ 
vation  and  critical  Judgment  are  necessary, 
In  addition  to  specific  safety  knowledge,  to 
ensure  protection  of  personnel,  the  public, 
and  the  environment. 

The  Guidelines  given  here  are  to  help  the 
principal  investigator  determine  the  nature 
of  the  safeguards  that  should  be  Implement¬ 
ed.  These  Guidelines  will  be  Incomplete  In 
some  respects  because  all  conceivable  experi¬ 
ments  with  recombinant  DNAs  cannot  be 
anticipated.  Therefore,  they  cannot  substi¬ 
tute  for  the  Investigator's  own  knowledge¬ 
able  and  discriminating  evaluation.  When¬ 
ever  this  evaluation  calls  for  an  Increase  In 
containment  over  that  Indicated  In  the 
Guidelines,  the  investigator  has  a  responsi¬ 
bility  to  Institute  such  an  Increase.  In  con¬ 
trast,  the  containment  conditions  called  for 
In  the  Guidelines  may  not  be  decreased  with¬ 
out  review  and  approval  at  the  Institutional 
and/or  NIH  levels. 

The  following  roles  and  responsibilities  de¬ 
fine  an  administrative  framework  in  which 
safety  Is  an  essential  and  Integrated  func¬ 
tion  of  research  Involving  recombinant  DNA 
molecules. 

A.  Principal  investigator.  Each  principal 
Investigator  shall  have  had  adequate  train¬ 
ing  In  good  microbiological  techniques.  The 
principal  Investigator  has  the  primary  re¬ 
sponsibility  for:  (1)  Determining  the  real 
and  potential  biohazards  of  the  proposed 
research,  (11)  determining  the  appropriate 
level  of  biological  and  physical  containment, 
(111)  selecting  the  microbiological  practices 
and  laboratory  techniques  for  handling  re¬ 
combinant  DNA  materials,  (Iv)  preparing 
procedures  for  dealing  with  accidental  spills 
and  overt  personnel  contamination,  (v)  se¬ 
curing  approval  of  the  proposed  research 
prior  to  Initiation  of  work,  (vl)  submitting 
Information  on  purported  HVa  and  HV3  sys¬ 
tems  to  the  NIH  Recombinant  DNA  Mole¬ 
cule  Program  Advisory  Committee  and  mak¬ 
ing  the  strains  available  to  others,  (vll)  re¬ 
porting  to  the  Institutional  biohazards  com¬ 
mittee  and  the  NIH  Office  of  Recombinant 
DNA  Activities  new  Information  bearing  on 
the  Guidelines,  such  as  technical  Informa¬ 
tion  relating  to  hazards  and  new  safety  pro¬ 
cedures  or  Innovations,  (vlll)  applying  to 
the  Institutional  biohazards  committee  and/ 
or  to  the  NIH  Office  of  Recombinant  DNA 
Activities  for  approval  to  lower  containment 
levels  when  a  cloned  DNA  recombinant  de¬ 
rived  from  a  shotgun  experiment  has  been 
rigorously  characterized  and  there  Is  suffi¬ 
cient  evidence  that  It  Is  free  of  harmful 
genes,  and  (lx)  packaging  and  distributing 
organisms  and  viruses  containing  recom¬ 
binant  DNA  in  'accordance  with  the  speci¬ 
fications  set  forth  In  Section  n.,  C.  (Ship¬ 
ment)  . 

Before  work  Is  begun,  the  principal  Inves¬ 
tigator  Is  responsible  for;  (1)  Making  avail¬ 
able  to  program  and  support  staff  copies  of 
the  approved  protocols  that  describe  the  bio¬ 
hazards  and  the  precautions  to  be  taken,  (11) 
advising  the  program  and  support  staff  of 
the  nature  and  assessment  of  the  real  and 
potential  biohazards,  (ill)  Instructing  and 
training  this  staff  In  the  practices  and  tech¬ 
niques  required  to  ensure  safety,  and  In  the 
procedures  for  dealing  with  accidentally  cre¬ 
ated  biohazards,  and  (iv)  Informing  the  staff 
of  the  reasons  and  provisions  for  any  advised 
or  requested  precautionary  medical  prac¬ 
tices,  vaccinations,  or  serum  collection. 

During  the  conduct  of  the  research, 
the  principal  investigator  is  responsible 
for;  (1)  Supervising  the  safety  perform¬ 
ance  of  the  staff  to  ensure  that  the  re¬ 
quired  safety  practices  and  techniques 


are  employed,  (ii)  investigating  jmd  re¬ 
porting  in  writing  to  the  NIH  Office  of 
Recombinant  DNA  Activities,  the  institu¬ 
tional  biological  safety  officer  (where 
applicable),  and  the  institutional  bio¬ 
hazards  committee  any  serious  or  ex¬ 
tended  illness  of  a  worker  or  any  accident 
that  results  in  (a)  inoculation  of  recom¬ 
binant  DNA  materials  through  cutaneous 
penetration,  (b)  ingestion  of  recombi¬ 
nant  DNA  materials,  (c)  probably  inha¬ 
lation  of  recombinant  DNA  materials 
following  gross  aerosolize tion,  or  (d)  any 
Incident  causing  serious  exposure  to  per¬ 
sonnel  or  danger  of  environmental  con¬ 
tamination,  (ill)  investigating  and  re¬ 
porting  in  writing  to  the  NIH  Office  of 
Recombinant  DNA  Activities,  the  insti¬ 
tutional  biological  safety  officer  (where 
applicable),  and  the  Institutional  bio¬ 
hazards  committee  any  significant  prob¬ 
lems  pertaining  to  operation  and  imple¬ 
mentation  of  biological  and  physicsd 
containment  safety  practices  and  pro¬ 
cedures,  or  equipment  or  facility  failure, 
(iv)  correcting  work  errors  and  condi¬ 
tions  that  may  result  in  the  release  of 
recombinant  DNA  materials,  and  (v)  en¬ 
suring  the  Integrity  of  the  physical  con¬ 
tainment  (e.g.,  biological  safety  cabinets) 
and  the  biological  containment  (e.g., 
genotypic  and  phenotypic  characteris¬ 
tics,  purity,  etc.) . 

B.  Institution.  Since  in  almost  all  cases 
NIH  grants  are  made  to  institutions 
rather  than  to  individuals,  all  the  re¬ 
sponsibilities  of  the  principal  investiga¬ 
tor  listed  above  are  the  responsibilities  of 
the  institution  under  the  grant,  fulfilled 
on  its  behalf  by  the  principal  investiga¬ 
tor.  In  addition,  the  institution  is  re¬ 
sponsible  for  establishing  an  institutional 
biohazards  committee*  to;  (i)  Advise  the 
institution  on  policies,  (ii)  create  and 
maintain  a  central  reference  file  and 
library  of  catalogs,  books,  articles,  news¬ 
letters,  and  other  communications  as  a 
source  of  advice  and  reference  regarding, 
for  example,  the  availability  and  quality 
of  the  safety  equipment,  the  availability 
and  level  of  biological  containment  for 
various  host-vector  systems,  suitable 
training  of  personnel,  and  data  on  the 
potential  biohazards  associated  with  cer¬ 
tain  recombinant  DNAs,  and  (iii)  develop 
a  safety  and  operations  manual  for  any 
P4  facility  maintained  by  the  institution 
and  used  in  support  of  recombinant  DNA 
research. 

Each  institution  has  the  responsibility  for 
ensuring  that  research  personnel  have  been 
adequately  trained  in.  and  consistently  em¬ 
ploy,  good  microbiological  technique.  The  in¬ 
stitution  shall  certify  to  the  NIH  on  applica¬ 
tions  for  research  support  and  annually 
thereafter,  that  facilities,  procedures,  and 
practices  and  the  training  and  expertise  of 
the  personnel  Involved  have  been  reviewed 
and  approved  by  the  institutional  biohazards 
committee. 

Each  institution  shall  also  determine  the 
necessity  of  various  medical  procedures  for 
research  personnel,  arrange  for  these  neces¬ 
sary  procedures,  and  regularly  review  the  re¬ 
sults.  For  example,  such  procedures  might  in¬ 
clude  pre-employment  or  pre-assignment  his¬ 
tory  and  physical  examination  to  detect  rele¬ 
vant  medical  situations,  such  as  steroid  ther¬ 
apy,  immunosuppression,  pregnancy,  gastro¬ 


intestinal  disorders,  including  achlorhydria, 
or  stomach  or  bowel  resection  or  disorders 
which  may  require  the  use  of  antibiotics  or 
large  doses  of  antacids.  Individuals  receiving 
antibiotics  should  not  work  with  prokaryotic 
hoB-vector  systems  during  therapy  nor  for 
seven  days  thereafter.  The  obtaining  of  one 
or  nu>re  serum  samples  for  analysis  or  storage 
naay  also  be  indicated,  as  may  specific  im¬ 
munizations.  Periodic  examinations  subse¬ 
quently,  as  well  as  following  any  accidental 
exposure,  may  also  be  wise,  as  may  be  the 
maintenance  by  the  institution  of  a  registry 
of  individuals  Involved  in  recombinant  DNA 
research. 

The  biohazards  committee  must  be  suffi¬ 
ciently  qualified  through  the  experience  and 
expertise  of  its  membership  and  the  diver¬ 
sity  of  its  membership  to  ensure  respect  for 
its  advice  and  counsel.  Its  membership 
should  Include  individuals  from  the  institu¬ 
tion  or  consultants,  selected  so  as  to  provide 
a  diversity  of  disciplines  relevant  to  recom¬ 
binant  DNA  technology,  biological  safety,  and 
engineering.  In  addition  to  possessing  the 
professional  competence  necessary  to  assess 
and  review  specific  activities  and  facilities, 
the  committee  should  possess,  or  have  avail¬ 
able  to  it,  the  competence  to  determine  the 
acceptability  of  its  findings  in  terms  of  ap¬ 
plicable  laws,  regulations,  standards  of  prac¬ 
tice,  community  attitudes,  and  health  and 
environmental  considerations.  The  commit¬ 
tee  shoud,  therefore.  Include  persons  whose 
concerns  are  in  these  areas. 

Minutes  of  the  meetings  should  be  kept 
and  made ,  available  for  public  Inspection. 
The  institution  is  responsible  for  reporting 
names  of  and  relevant  background  informa¬ 
tion  on  the  members  of  its  biohazards  com¬ 
mittee  to  the  NIH. 

In  addition,  each  institution  in  which  re¬ 
combinant  DNA  research  at  a  P3  or  P4  con¬ 
tainment  level  is  being  conducted  shall  des¬ 
ignate  a  biological  safety  officer.  The  safety 
officer,  who  may  be  a  member  of  the  insti¬ 
tutional  biohazards  committee,  shall  be  an¬ 
swerable  to  the  responsible  officer  of  the 
institution,  and  shall  work  in  close  cooper¬ 
ation  with  the  institutional  biohazards  com¬ 
mittee.  The  officer's  duties  shall  Include,  but 
not  be  limited  to,  the  following:  (1)  Verify¬ 
ing  that  all  research  personnel  have  been 
adequately  trained  in  good  microbiological 
techniques;  (11)  ensuring  through  periodic 
Inspections  that  laboratory  safety  standards 
are  rigorously  followed;  (ill)  investigating 
all  laboratory  accidents;  (iv)  reviewing  the 
results  of  histories,  physical  examinations, 
and  monitoring  of  laboratory  personnel;  and 
(v)  providing  advice  on  laboratory  security. 

C.  NIH  initial  review  groups  (study  sec¬ 
tions) — ^The  NIH  study  sections,  in  addition 
to  reviewing  the  scientific  merit  of  each 
grant  application  involving  recombinant 
DNA  molecules,  are  responsible  for:  (1)  Mak¬ 
ing  an  Independent  evaluation  of  the  con¬ 
tainment  levels  required  for  the  proposed 
research  by  these  Guidelines,  (il)  determin¬ 
ing  whether  the  proposed  physical  contain¬ 
ment  safeguards  certified  by  the  institu¬ 
tional  biohazards  committee  are  adequate, 
(ill)  determining  whether  the  proposed  bio¬ 
logical  containment  safeguards  are  ade¬ 
quate,  (iv)  referring  to  the  NIH  Recombi¬ 
nant  DNA  Molecule  Program  Advisory  Com¬ 
mittee  or  the  NIH  Office  of  Recombinant 
DNA  Activities  those  problems  pertaining  to 
assessment  of  biohazards  or  safeguards  de¬ 
termination  that  cannot  be  resolved  by  the 
study  sections. 

The  membership  of  the  study  sections  will 
be  selected  in  the  usual  manner.  Biological 
safety  expertise,  however,  will  be  available 
to  the  study  sections  for  consultation  and 
guidance. 

D.  NIR  Recombinant  DNA  Molecule  Pro¬ 
gram  Advisory  Committee — The  Recombl- 
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nant  DNA  Molecule  Program  Advisory  Com* 
mlttee  advises  the  Secretary,  Department  of 
Health,  Education,  and  Welfare;  the  Assist¬ 
ant  Secretary  for  Health,  Department  of 
Health,  Education,  and  Welfare;  and  the 
Director,  National  Institutes  of  Health,  on 
a  program  for  the  evaluation  of  potential 
biological  and  ecological  hazards  of  recom¬ 
binant  DNAs,  on  the  development  of  pro¬ 
cedures  which  are  designed  to  prevent  the 
spread  of  such  molecules  within  human  and 
other  populations,  and  on  guidelines  to  be 
followed  by  Investigators  working  with  po¬ 
tentially  hazardous  recombinants. 

The  NIH  Recombinant  DNA  Molecule  Pro¬ 
gram  Advisory  Committee  has  responsibility 
for:  (1)  Recommending  revisions  of  the 
Guidelines  to  be  followed  by  Investigators 
working  with  DNA  recombinants,  (11)  re¬ 
ceiving  Information  on  proposed  HVl,  HV2 
(EK3),  and  HV3  (EK3)  host-vector  systems, 
determining  whether  the  proposed  systems 
meet  the  established  criteria,  and  recom¬ 
mending  to  the  Director,  NIH,  the  certifica¬ 
tion  of  systems  which  meet  the  criteria,  and 
(111)  resolving  questions  concerning  poten¬ 
tial  biohazards  and  adequacy  of  contain¬ 
ment  if  the  NIH  Office  of  Recombinant  DNA 
Activities  so  requests. 

The  Committee  shall  have  the  authority 
to  recommend  to  the  Director,  NIH,  exemp¬ 
tions  from  specific  requirements  of  the 
Guidelines,  when  such  exemptions  are  Jus¬ 
tified  by  exceptional  circumstances.  For  ex¬ 
ample,  the  committee  may  recommend  ex¬ 
emptions  from  the  containment  require¬ 
ments  of  the  Guidelines  for  committee-ap¬ 
proved  lisk-assessment  studies.  Each  request 
for  such  an  exemption  must  be  accompanied 
by  adequate  documentation,  which  shall  In¬ 
clude  clear  and  convincing  evidence  of  the 
need  for  the  particular  risk -assessment 
study.  The  committee  may  also  recommend 
exemptions  for  specific  experiments  which 
fall  within  the  six  categories  of  "experiments 
that  are  not  to  be  performed.”  In  making 
such  recommendations  for  exceptions, 
weight  will  be  given  both  to  scientific  and 
societal  benefits  and  to  potential  risks. 

E.  NIH.  NIH  staff  has  responsibility  for: 
(1)  Assuring  that  no  NIH  grants  or  contracts 
are  awarded  for  recombinant  DNA  research 
unless  they  (a)  conform  to  these  Guidelines, 
(b)  have  been  properly  reviewed  and  recom¬ 
mended  for  approval,  and  (c)  Include  a  prop¬ 
erly  executed  Memorandum  of  Understand¬ 
ing  and  Agreement,  (11)  reviewing  and  re¬ 
sponding  to  questions  or  problems  or  reports 
submitted  by  Institutional  biohazards  com¬ 
mittees  or  principal  Investigators,  and  dis¬ 
seminating  findings,  as  appropriate,  (111)  re¬ 
ceiving  and  reviewing  applications  for  ap¬ 
proval  to  lower  containment  levels  when  a 
cloned  DNA  recombinant  derived  from  a 
shotgun  experiment  has  been  rigorously 
characterized  and  there  Is  sufficient  evidence 
that  It  Is  free  of  harmful  genes.  (Iv)  referring 
Items  covered  under  (11)  and  (ill)  above  to 
the  NIH  Recombinant  DNA  Molecule  Pro¬ 
gram  Advisory  Committee,  as  deemed  neces¬ 
sary,  and  (V)  performing  site  inspections  of 
all  P4  physical  containment  facilities  en¬ 
gaged  In  recombinant  DNA  research,  and  site 
Inspections  at  other  facilities  as  deemed 
necessary. 

The  Director,  NIH,  Is  responsible  for  over¬ 
seeing  Implementation  and  for  Judicious  and 
flexible  Interpretation  of  these  Guideline. 

V.  Footnotes 

*  In  general,  recombinant  DNA  formed  be¬ 
tween  segments  of  eukaryotic  viral  DNA  and 
any  eukaryotic  DNA  (viral,  evtrachromo- 
somal)  shall  not  be  excluded  from  these 
Guidelines  until  such  time  as  there  is  more 
information  about  the  extent  of  naturally 
occurring  recomblnational  events  between 
these  DNAs. 


*  Biological  safety  cabinets  referred  to  In 
this  section  are  classified  as  Clase  I,  Class  II, 
or  Class  III  cabinets.  A  Class  I  Is  a  ventilated 
cabinet  for  personnel  protection  having  an 
Inward  flow  of  air  away  from  the  operator. 
The  exhaust  air  from  this  cabinet  Is  filtered 
through  a  high  efficiency  or  high  efficiency 
particular  air  (HEPA)  filter  before  being 
discharged  to  the  outside  atmosphere.  This 
cabinet  Is  used  In  three  operational  modes: 
(1)  with  an  8-lnch  high  full  width  open 
front,  (2)  with  an  Installed  front  closure 
panel  (having  four  8-lnch  diameter  open¬ 
ings)  without  gloves,  and  (3)  with  an  In¬ 
stalled  front  closure  panel  equipped  with 
arm  length  rubber  gloves.  The  face  velocity 
of  the  Inward  flow  of  air  through  the  full 
width  open  front  Is  75  feet  per  minute  or 
greater.  A  Class  II  cabinet  is  a  ventilated 
cabinet  for  personnel  and  product  protec¬ 
tion  having  an  open  front  with  Inward  air 
flow  for  personnel  protection,  and  HEPA 
filtered  mass  recirculated  air  flow  for  product 
protection.  The  cabinet  exhaust  air  Is  filtered 
through  a  HEPA  filter.  The  face  velocity  of 
the  Inward  flow  of  air  through  the  full  width 
open  front  is  76  feet  per  minute  or  greater. 
Design  and  performance  specifications  for 
Class  II  cabinets  have  been  adopted  by  the 
National  Sanitation  Foundation,  Ann  Arbor, 
Mich.  A  Class  III  cabinet  Is  a  closed  front 
ventilated  cabinet  of  gas  tight  construction 
which  provides  the  highest  level  of  personnel 
protection  of  all  biohazard  safety  cabinets. 
The  Interior  of  the  cabinet  Is  protected  from 
contaminants  exterior  to  the  cabinet.  The 
cabinet  Is  fitted  with  arm  length  rubber 
gloves  and  is  operated  under  a  negative  pres¬ 
sure  of  at  least  0.5  inches  water  gauge.  All 
supply  air  Is  filtered  through  HEPA  filters. 
Exhaust  air  Is  filtered  through  HEPA  filters 
or  Incinerated  before  being  discharged  to  the 
outside  environment. 

•The  terms  “characterized”  and  “free  of 
harmful  genes”  are  unavoidably  vague.  The 
following  types  of  data  should  be  consid¬ 
ered:  (a)  The  absence  of  potentially  harm¬ 
ful  genes  (e.g..  sequences  contained  In  In¬ 
digenous  tumor  viruses  or  sequences  that 
code  for  toxins,  invasins,  virulence  factors, 
etc.,  that  might  potentiate  the  pathogenicity 
or  communicability  of  the  vector  and/or  host 
or  be  detrimental  to  humans,  animals  or 
plants);  (b)  the  type(s)  of  genetic  Infor¬ 
mation  on  the  cloned  segment  and  the  nature 
of  transcriptional  and  translation  gene  prod¬ 
ucts  specified:  (c)  the  relationship  between 
the  recovered  and  desired  segment  (e.g.,  hy¬ 
bridization  smd  restriction  endonuclease 
fragmentation  analysis  where  applicable); 
(d)  the  genetic  stability  of  the  cloned  frag¬ 
ment;  and  (e),  any  alterations  In  the  biologi¬ 
cal  properties  of  the  vector  and  host. 

‘  We  are  specifically  concerned  with  po¬ 
tent  toxins  which  could  be  produced  by 
acquiring  a  single  gene  or  cluster  of  genes. 

•The  containment  requirements  specified 
for  DNA  derived  from  viruses  of  eukaryotes 
were  designed  chiefly  with  two  hypothetical 
risk  mechanisms  In  mind.  The  first  Is  the 
concern  lest  a  bacterium  carrying  viral  nu¬ 
cleic  acid  be  able  to  produce  virus  Infec¬ 
tions;  this  Is  most  easily  envisioned  as  oc¬ 
curring  from  delivery  of  the  viral  nucleic 
acid  Into  proximity  with  host  cells.  (Pro¬ 
duction  of  infectious  virus  within  the  host 
bacterium  appears  to  be  a  most  unlikely 
event,  except  possibly  In  the  case  of  the 
smaller  Icosahedral  viruses.  However,  fur¬ 
ther  data  are  needed.)  Obviously,  this  mech¬ 
anism  applies  only  when  the  complete  viral 
genome  Is  present,  and  containment  condi¬ 
tions  are  highest  when  there  Is  a  possibility 
that  the  whole  genome  is  present. 

The  second  hypothectlcal  risk  mechanism 
is  focused  on  viral  oncogenesis.  The  chief 
component  of  the  model  Is  again  delivery 
of  the  viral  nucleic  acid  to  host  cells,  with 
subsequent  Integration  of  the  viral  DNA 


Into  the  genome  of  host  cells.  In  some  DNA 
virus  systems,  cell  transformation  can  be 
produced  by  a  segment  of  the  viral  genome; 
such  segments  are  from  the  early  region 
of  the  viral  genome,  and  presumably  code 
for  products  which  affect  regulation  of  DNA 
synthesis  or  function.  Genes  coding  for  the 
synthesis  of  virus  capsid  components  have 
not  been  associated  with  oncogenesis.  Con¬ 
sequently,  containment  conditions  for  sub- 
viral  segments  from  DNA  viruses  are  set 
higher  for  gene  regions  coding  for  nonstruc- 
tural  proteins,  which  are  chiefly  Involved  with 
DNA  synthesis,  than  for  genes  for  virion 
structural  components. 

With  the  exception  of  the  Retroviruses 
(l.e.,  the  family  of  viruses  whose  members 
possess  the  reverse  transcriptase  enzyme,  and 
which  Includes  a  number  of  oncogenic  viruses 
(Fenner,  F.,  Classification  and  Nomenclature 
of  Viruses;  Intervirology,  7:1-116,  1976.)), 
RNA  viruses  have  not  been  Implicated  in 
tumorlgenesls.  Further,  the  genes  of  RNA 
viruses  analogous  to  those  of  DNA  viruses 
which  specify  early  functions  and  nonstruc- 
tural  protein  synthesis  tend  to  be  specific 
for  the  RNA  of  that  virus,  and  are  not 
thought  to  affect  cellular  processes. 

The  concept  of  production  by  the  host 
bacterium  of  a  viral  protein  which  would 
act  from  outside  the  cells  as  a  carcinogenic 
substance  is  without  experimental  basis. 
Also,  there  Is  no  Instance  of  a  highly  toxic 
viral  product.  Production  of  disease  by  a  viral 
Infection  requires  the  functioning  of  the  en¬ 
tire  virus;  there  Is  no  basis  for  concern  that 
a  eukaryotic  viral  DNA  segment  might  cause 
the  host  bacterium  to  produce  a  toxin. 

It  should  be  pointed  out  that  the  concern 
about  risk  from  a  microorganism  carrying 
a  viral  Insert  Is  directed  at  those  species  that 
may  come  In  contact  with  the  host  micro¬ 
organism,  and  Is  not  particularly  directed  at 
those  species  that  the  virus  Infects  In  nature. 

•  The  DNA  preparation  Is  defined  as  “puri¬ 
fied”  If  the  desired  DNA  represents  at  least 
99  percent  (w/w)  of  the  total  DNA  In  the 
preparation,  provided  that  It  was  verified  by 
more  than  one  procedure. 

”  Baculovlruses  which  have  been  registered 
to  date  Include  the  Heliothia  zea  baculovlrus, 
registration  number  11273-17  (Jan.  1978) 
and  the  Orgyia  pseudotsugata  baculovlrus. 
Registration  number  27586-1  (Aug.  1976). 

•  The  reason  for  lowering  the  containment 
level  when  this  degree  of  purification  has 
been  obtained  Is  based  on  the  fact  that  the 
total  number  of  clones  that  must  be  ex¬ 
amined  to  obtain  the  desired  clone  is 
nuu-kedly  reduced.  Thus,  the  probability  of 
cloning  a  harmful  gene  could,  for  example, 
be  reduced  by  more  than  lO^-fold  when  a 
nonrepetltlve  gene  from  mammals  was  being 
sought.  Furthermore,  the  level  of  purity 
specified  here  makes  it  easier  to  establish 
that  the  desired  DNA  does  not  contain  harm¬ 
ful  genes. 

•In  special  circumstances,  in  consultation 
with  the  NIH  Office  of  Recombinant  DNA 
Activities,  an  area  biohazards  committee  may 
be  formed,  composed  of  members  from  the 
Institution  and/or  other  organizations  be¬ 
yond  its  own  staff,  as  an  alternative  when 
additional  expertise  outside  the  Institution 
is  needed  for  the  Indicated  reviews. 
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Appendix  A 

PACKAGING  AND  SHIPPING  OP  KECOMBINANT  DNA 
MATESIALS 

A.  Introduction.  Federal  regulations  and 
carrier  tariffs  have  been  promulgated  to  en¬ 
sure  the  safe  transport  of  hazardous  biologi¬ 
cal  materials.  The  NIH  Guidelines  specify 
that  all  recombinant  DNA  materials  will  be 
packaged  and  shipped  In  containers  that 
meet  the  requirements  of  these  regulations 
and  carrier  tariffs. 

B.  Packaging  of  recombinant  DNA  mole¬ 
cules.  Recombinant  DNA  molecules  shall  be 
packaged  to  withstand  leakage  of  contents, 
shocks,  pressure  changes,  and  other  condi¬ 
tions  Incident  to  ordinary  handling  in  trans¬ 
portation. 

C.  Packaging  of  host  and  vector  organisms 
containing  recombinant  DNA  molecules.  1. 
Volume  less  than  50  ml.  Material  shall  be 
placed  In  a  securely  closed,  watertight  con¬ 
tainer  (primary  container  (test  tube,  vial, 
etc.))  which  shall  be  enclosed  In  a  second, 
durable  watertight  container  (secondary  con¬ 
tainer).  Several  primary  containers  may  be 
enclosed  In  a  single  secondary  container.  If 
the  total  volume  of  all  the  primary  contain¬ 
ers  so  enclosed  does  not  exceed  50  ml.  The 
space  at  the  top,  bottom,  and  sides  between 
the  primary  and  secondary  containers  shall 
contain  sufficient  nonparticulate  absorbent 
material  to  absorb  the  entire  contents  of  the 
primary  contalner(8)  In  case  of  breakage  or 
leakage.  Each  set  of  primary  and  secondary 
containers  shall  then  be  enclosed  in  an  outer 
shipping  container  constructed  of  corrugated 
fiberboard,  cardboard,  wood,  or  other  mate¬ 
rial  of  equivalent  strength. 


If  dry  Ice  Is  used  as  a  refrigerant.  It  must  be 
placed  outside  the  secondary  contalner(8). 

Descrlptlrns  of  this  packaging  method  are 
given  In  Table  I  (see  page  A-7) . 

2.  Volumes  of  50  ml.  or  greater.  Material 
shall  be  placed  In  a  securely  closed,  water¬ 
tight  container  (primary  container)  which 
shall  be  enclosed  In  a  second,  dm  able  water¬ 
tight  container  (secondary  container) .  Single 
primary  containers  shall  not  contain  more 
than  500  ml.  of  material.  However,  two  or 
more  primary  containers  whose  combined 
volumes  do  not  exceed  500  ml.  may  be  placed 
In  a  single  secondary  container.  The  space 
at  the  top.  bottom,  and  sides  between  the 
primary  and  secondary  containers  shall  con¬ 
tain  sufficient  non-partlculate  absorbent  ma¬ 
terial  to  absorb  the  entire  contents  of  the 
primary  contalner(s)  In  case  of  breakage  or 
leakage.  Each  set  of  primary  and  secondary 
containers  shall  then  be  enclosed  In  an  outer 
shipping  container  constructed  of  corru¬ 
gated  fiberboard,  cardboard,  wood,  or  other 
material  of  equivalent  strength.  A  shock  ab¬ 
sorbent  material.  In  volume  at  lecwt  equal  to 
that  of  the  absorbent  material  between  the 
primary  and  secondary  containers,  shall  be 
placed  at  the  top.  bottom,  and  sides  between 
the  secondary  container  and  the  outer  ship¬ 
ping  container.  Not  more  than  eight  second¬ 
ary  shipping  containers  may  be  enclosed  in 
a  single  outer  shipping  container.  (The  maxi¬ 
mum  amount  of  materials  which  may  be  en¬ 
closed  within  a  single  outer  shipping  con¬ 
tained  should  not  exceed  4,000  ml.) 

If  dry  Ice  Is  used  as  a  refrigerant.  It  must 
be  placed  outside  the  secondary  contalner(s) . 
If  dry  Ice  Is  used  between  the  secondary  con¬ 
tainer  and  the  outer  shipping  container,  the 
shock  absorbent  material  shall  be  placed  so 
that  the  secondary  container  does  not  be¬ 
come  loose  Inside  the  outer  shipping  con¬ 
tainer  as  the  dry  ice  sublimates. 

Descriptions  of  packages  which  comply 
with  the  regulations  of  the  Department  of 
Transportation  (DOT)  are  given  In  Table  n 
(see  page  A-S). 

D.  Labeling  of  packages  containing  host 
and  vector  organisms  which  contain  recom¬ 
binant  DNA  molecules.  Material  data  forms, 
leters,  and  other  Information  Identifying  or 
describing  the  material  should  be  placed 
around  the  outside  of  the  secondary  con¬ 
tainer.  The  label  for  Etlologlc  Agents/Blo- 
medlcal  Material  must  be  affixed  to  the  outer 
shipping  container.  This  label  is  described 
In  paragraph  (c)  (4)  of  42  CFR  72.25.  In  ad¬ 
dition.  If  the  materials  to  be  shipped  con¬ 
tain  any  portion  of  a  plant  pest  (plant  patho¬ 
gens)  which  Is  so  defined  by  the  Department 
of  Agriculture  (USDA),  the  outer  shipping 
container  shall  have  affixed  to  It  the  shipping 
label  furnished  by  the  USDA  as  part  of  the 
General,  Courtesy,  or  Special  Permits  re¬ 
quired  for  research  with  and  shipment  of 
such  agents. 

E.  Additional  shipping  requirements  and 
limitations  for  host  and  vector  organisms 
which  contain  recombinant  DNA  molecules. — 
1.  Domestic  transportation.  Civil  Aeronautics 
Board  Rule  No.  82  (Air  Transport  Association 
Restricted  Articles  Tariff  6-D)  requires  that 
a  Shipper’s  Certificate,  depicted  below,  be 
completed  and  affixed  to  all  shipments  which 
bear  the  Etlologlc  Agent/Blomedlcal  Mate¬ 
rials  label  required  under  the  provisions  of 
the  Interstate  Quarantine  regulations  (42 
CFR  72.25(c)).  The  Certificate  must  be  com¬ 
pleted  in  duplicate  and  affixed  to  the  outer 
shipping  container. 
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Shipments  of  materials  exceeding  60  ml  In 
volume  are  restricted,  by  DOT  regulations,  to 
transport  by  cargo  only  aircraft.  When  the 
volume  of  a  single  prlnoary  container  exceeds 
the  60  ml  limitation,  this  restriction  must 
be  Indicated  on  the  Shipper’s  Certificate  by 
crossing  out  "Passenger  Aircraft.” 

When  dry  Ice  Is  used  as  a  refrigerant  an 
"ORA — Oroup  A — Dry  Ice  Label”  should  be 
affixed  to  the  outer  shipping  container.  The 
amount  of  dry  Ice  used  and  the  date  packed 
should  be  designated  on  the  label. 

2.  International  transportation.  In  addi¬ 
tion  to  the  packaging  and  labeling  require¬ 
ments  of  the  regulations  previously  cited.  In¬ 
ternational  shipments  of  these  materials 


Wl— aftne  oi  ^Ippsrt 

must  have  one  or  more  of  the  following  doc¬ 
uments — depending  on  the  country  of  des¬ 
tination  : 

(1)  Parcel  Poet  Customs  Declaration  (PS 
29M)  tag. 

(2)  Parcel  Post  Customs  Declaration  (PS 
3966- A)  label. 

(3)  International  Parcel  Post — Instruc¬ 
tions  Given  by  Sender  (POD  2922)  label. 

(4)  Dispatch  note  (POD  2972)  tag. 

(6)  "Violet  Label”. 

(6)  Shipper's  Certificate  specified  In  the 
current  International  Air  Transport  Associa¬ 
tion  'Tarlfi.  Individual  country  requirements 
are  listed  In  "International  Postage  Rates 
and  Fees"  (USPO  Publication  51). 
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SO 
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place  with  wire,  tape,  or  other  aesna,  and  all  screw-capped  contalntra  of  unfrexen  liquid  uust  be  placed  In  S  or  6  nil  polyvinyl  tubing  hvat-acaled 
at  belli  ends  to  prevent  atacspherle  decoerreeaton  that  cay  rasult  in  laakags  past  the  screw  cap. 

0.6,  •  eutalde  dlunslone. 

jJ  Henparttcwlsta  ebeerbeat  Bsterlal  at  top,  botten  and  stdaa  that  will  eenplately  absorb  ceatenta  of  the  prlnnry  eeatalnar(e) . 
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d/  If  Mterlale  arc  to  be  refrigerated,  it  la  reeonaended  that  an  overpsek  be  used  to  contain  the  rafrlgcrant  and  the  secured  (original)  outer 
shipping  contelner.  A  leak  proof  outer  container  nust  be  used  for  water  lee.  If  dry  ice  la  used  the  outer  container  auat  pernlt  release  of 
carbon  dioxide.  Interior  supports  auet  be  provided  to  bold  tha  centainer(s)  la  the  original  posltlonfe)  after  wet  or  dry  ice  beo  dlsslpetcd. 
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net  becoEC  louiie  Inside  the  outer  uhlpplnc  roncalner  a»  the  water  lee  or  dry  tee  le  dUulpatcd. 


Appendix  B 

Classification  of  Microorganisms  on  the 
Basis  of  Hazard 

/.  Classification  of  Etiologic  Agents  on  the 
Basis  of  Hazard  ( 1 ) 

A.  Class  1  agents 

All  bacterial,  parasitic,  fungal,  viral,  riclc* 
ettslal  and  chlamydial  agents  not  in¬ 
cluded  in  higher  classes. 

B.  Class  2  agents 

1.  Bacterial  agents: 

Actinohacillus — all  species  except  A.  mallei. 

which  Is  In  Class  3. 

Arizona  hinshawii — all  serotypes. 

Bacillus  anthracis. 

Bordetella — all  species. 

Borrelia  recurrentis,  B.  vincenti. 

Clostridium  botulinum,  Cl.  <  chauvoei,  Cl. 
haemolyticum.  Cl.  histolyticum.  Cl.  novyi. 
Cl.  septicum.  Cl.  tetani. 

Corynebacterium  diptheriae,  C.  equi,  C. 
haemolyticum.  C.  pseudotuberculosis.  C. 
pyogenes.  C.  renale. 

Diplococcus  (Streptococcus)  pneumoniae. 
Erysipelothrix  insidiosa. 

Escherichia  coli — all  enteropathogenlc  sero¬ 
types. 

Haemophilus  ducreyi.  H.  influenzae. 

Herellea  vaginicola. 


Klebsiella — all  species  and  all  serotypes. 
Leptospira  interrogans — all  serotypes. 

Listeria — all  species. 

Mima  polymorpha. 

Moraxella — all  species. 

Mycobacteria — all  species  except  those  listed 
in  Class  3. 

Mycoplasma — all  species  except  Mycoplasma 
mycoides  and  Mycoplasma  agalactiae. 
which  are  in  Class  S. 

Neisseria  gonorrhoeae.  N.  meningitidis. 
Pasteurella — all  species  except  those  listed 
in  Class  3. 

Salmonella — all  species  and  all  serotypes. 
Shigella — all  species  and  all  serotypes. 
Sphaerophorus  necrophorus. 

Staphylococcus  aureus. 

Streptobacillus  moniliformis. 

Streptococcus  pyogenes. 

Treponema  carateum.  T.  pallidum,  and  T. 
pertenue. 

Vibrio  fetus.  V.  comma,  including  blotype  El 
Tor,  and  V.  parahemolyticus. 

2.  Fungal  agents : 

Actinomycetes  (including  Nocardia  species 
and  Actinomyces  species  and  Arachnia 
propionica). 

Blastomyces  dermatitidis. 

Cryptococcus  neoformans. 

Paracoccidioides  brasiliensis. 

3.  Parasitic  agents : 

Endamoeba  histolytica. 


Leishmania  sp. 

Naegleria  gruberi. 

Toxoplasma  gondii. 

Toxocara  canis. 

Trichinella  spiralis. 

Trypanosoma  cruzi. 

4.  Viral,  rickettsial,  and  chlamydial  agents: 
Adenoviruses — human — all  types. 

Cache  Valley  virus. 

Coxsackie  A  and  B  viruses. 

Cytomegaloviruses. 

Echoviruses — all  types. 

Encephalomyocarditis  virus  (EMC). 

Flanders  virus. 

Hart  Park  virus. 

Hepatitis-associated  antigen  material. 

Herpes  viruses — except  Herpesvirus  simiae 
(Monkey  Bi  virus)  which  is  in  Class  4. 
Corona  viruses. 

Influenza  viruses — all  types  except  A/PR8.' 

34,  which  Is  in  Class  1. 

Langet  virus. 

Lymphogranuloma  venereum  agent. 

Measles  virus. 

Mumps  virus. 

Parainfluenza  virus — all  types  except  Parain¬ 
fluenza  virus  3,  SF4  strain,  which  Is  In 
Class  1. 

Polioviruses — all  types,  wild  and  attenuated. 
Poxviruses — all  types  except  Alastrium, 
Smallpox,  Monkey  pox,  and  Whitepox, 
which,  depending  on  experiments,  are  in 
Class  3  or  Class  4. 
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Rabies  virus — all  strains  except  Rabies  street 
virus,  which  should  be  classlfled  in  Class 
3  when  Inoculated  Into  carnivores. 

Reoviruses — all  types. 

Respiratory  syncytial  virus. 

Rhinoviruses — all  types. 

Rubella  virus. 

Simian  viruses — all  types  except  Herpesvirus 
simiae  (Monkey  B  virus l  and  Afarburp 
virus,  which  are  In  Class  4. 

Sindblis  virus. 

Tensaw  virus. 

Turlock  virus. 

Vaccinia  virus. 

Varicella  virus. 

Vole  rickettsia. 

Yellow  fever  virus.  17D  vaccine  strain. 

C.  Class  3  agents 

1.  Bacterial  agents: 

Actinobacillus  mallei.* 

Bartonella — all  species. 

Brucella — all  species. 

Francisella  tularensis. 

Mycobacterium  avim,  M.  bovis,  M.  tubercu¬ 
losis. 

Pasteurella  multocide  type  B  ("bufTalo”  and 
other  foreign  virulent  strains* ) . 

Pseudomonas  pseudomallei.* 

Yersenia  pestU. 

2.  Fungal  agents: 

Coccidioides  immifis. 

Histoplasma  capsulatum. 

Histoplasma  capsulatum  var.  duboisii. 

3.  Parasitic  agents:  Schistosoma  mansoni. 

4.  Viral,  rickettsial,  and  chlamydial  agents: 

Alastrim,  Smallpox.  Monkey  pox,  and  White¬ 
pox.  when  used  in  vitro. 

Arboviruses — all  strains  except  those  in  Clstss 
2  and  4  (Arboviruses  Indigenous  to  the 
United  States  are  in  Class  3,  except  those 
listed  In  Class  2.  West  Nile  and  Semliki 
Forest  viruses  may  be  classified  up  or 
down,  depending  on  the  conditions  of  use 
and  geot^phical  location  of  the  labora¬ 
tory). 

Dengue  virus,  when  used  for  transmission  or 
animal  Inoculation  experiments. 

Lymphocytic  ehorimeningitis  virus  (LCM) . 

Psittacosis-Ornithosis-TYachoma  group  of 
agents. 

Rabies  street  virus,  when  used  in  inocula¬ 
tions  of  carnivores  (See  Class  2) . 

Rickettsia — all  species  except  Vole  rickettsia 
when  used  for  transmission  or  animal  in¬ 
oculation  experiments. 

Vesicular  stomatitis  virus.* 

Yellow  fever  virus — wild,  when  used  in  vifro. 


*  USDA  permit  also  required  for  lmi>ort 
or  interstate  transport. 


D.  Class  4  agents 

1.  Bacterial  agents:  None. 

2.  Fungal  agents:  None. 

3.  Parasitic  agents:  None. 

4.  Viral,  rickettsial,  and  chlamydial  agents: 

Alastrim,  Smallpox.  Monkey  pox,  and  White¬ 
pox,  when  u.sed  for  transmission  or  animal 
Inoculation  experiments. 

Hemorrhagic  fever  agents.  Including  Crimean 
hemorrhagic  fever  (Congo),  Junin,  and 
Muchupo  viruses,  and  others  as  yet  unde¬ 
fined. 

Herpesvirus  simiae  (Monkey  B  virus) . 

Lassa  virus. 

Marburg  virus. 

Tick-borne  encephalitis  virus  complex,  in¬ 
cluding  Bussian  spring-summer  encepha¬ 
litis,  Kyasanur  forest  disease,  Omsk  hemor¬ 
rhagic  fever,  and  Central  European  en¬ 
cephalitis  viruses. 

Venezuelan  equine  encephalitis  virus,  epi¬ 
demic  strains,  when  used  for  transmission 
or  animal  inoculation  experiments. 

Yellow  fever  virus — wild,  when  used  for 
transmission  or  animal  Inoculation  ex¬ 
periments. 

//.  Classification  of  Oncogenic  Viruses  on  the 
Basts  of  Potential  Hazard  (2) 

A.  Low  risk  oncogenic  viruses 

Rous  Sarcoma. 

SV-40. 

CEZX>. 

A7-SV40, 

Polyoma. 

Bovine  papilloma. 

Rat  mammary  tumor. 

Avian  Leukosis. 

Murine  Leukemia. 

Murine  Sarcoma. 

Mouse  mammary  tumor. 

Rat  Leukemia. 

Hamster  Leukemia. 

Bovine  Leukemia. 

Dog  Sarooma. 

Mason-Pflzer  Monkey  Virus. 

Merck's. 

Guinea  Pig  Herpes. 

Lucke  (Frog). 

Adenovirus. 

Shope  Fibroma. 

Shope  Papilloma. 

B.  Moderate  risk  oncogenic  viruses 
Ad2-SV40. 

PeLV. 

HV  Salmlrl. 

EBV. 

SSV-1. 

GaLV. 

HV  ateles. 


Yaba. 

FeSV. 

III.  Animal  Pathogens  (3) 

A.  Animal  disease  organisms  which  are  for¬ 

bidden  entry  into  the  United  States  by 
law  (CDC  Class  5  agent) 

1.  Foot  and  mouth  disease  virus. 

B.  Animal  disease  organisms  and  vectors 
which  are  forbidden  entry  info  the 
United  States  by  USDA  Policy  (CDC  Class 
5  agents) 

African  horse  sickness  virus. 

African  swine  fever  virus. 

Besnoitia  besnoiti. 

Borna  disease  virus. 

Bovine  Infectious  petechial  fever. 

Camel  pox  virus. 

Ephemeral  fever  virus. 

Fowl  plague  virus. 

Goat  pox  virus.  * 

Hog  cholera  virus. 

Louplng  ill  virus. 

Lumpy  skin  disease  virus. 

Nairobi  sheep  disease  virus. 

Newcastle  disease  virus  (Asiatic  strains). 
Mycoplasma  mycoides  (contagious  bovine 
pleuropneumonia) . 

Mycoplasma  agalactiae  (contagious  agalac¬ 
tia  of  sheep). 

Rickettsia  ruminatium  (heart  water). 

Rift  valley  faver  virus. 

Rinderpest  virus. 

Sheep  pox  vlrxis. 

Swine  vesicular  disease  virus. 

Teschen  disease  virus. 

Trypanosoma  vivax  (Nagana). 
Trypanosoma  evansi. 

Theileria  parva  (Bast  Coast  fever) . 
Theileriaannulata. 

Theileria  lawrencei. 

Theileria  bovis. 

Theileria  hirci. 

Vesicular  exanthema  virus. 

Wesselsbron  disease  virus. 

Zyonema  farciminosum  (pseudofarcy.) 
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